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Tim  EFFECT  OF  CROP  SEqUENCE  AND  ASSOCIATION 
ON  THE  YIELD  AND  QUALITY  OF  WHEAT. 

by 

R.  S.  Young, 

Department  of  Field  Crops , 
University  of  Alberta. 


INTRODUCTION. 


During  the  past  few  years  considerable  attention  has 
been  directed  to  the  maintenance  and  improvement  of  the  quality 

j  / 

of  wheat  in  ,Western  Canada.  Since  Canadian  wheat  owes  its  value 
in  the  world ^s  markets  to  its  high  qiiality^  it  is  obvious  that 
any  study  of  the  factors  affecting  this  quality  is  of  great 
importance.  At  the  University  of  Alberta  a  number  of  projects, 
of  which  this  investigation  is  one,  relating  to  wheat  quality  are 
being  carried  out  by  the  Department  of  Field  Crops  and  the 
Associate  Committee  on  Grain  Research  of  the  National  Research 
Council  of  Canada. 

It  is  v/ell  known  that  the  yield  and  composition  of  v/heat 
is  influenced  by  the  previous  crop.  It  has  been  frequently 
observed  in  Western  Canada  and  elsev/here  that  the  growth  of  'wheat 
after  timothy  was  not  as  vigorous  as  w'^hen  following  other  grasses 
or  legumes.  On  the  other  hand  a  number  of  workers  have  found 
that  alfalfa  and  other  legumes  usually  exerted  a  beneficial  effect 
on  succeeding  grain  crops . 
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In  viev;  of  these  observations  an  experiment  v/as  designed 

% 

in  1927  to  determine  the  effect  of  alfalfa  (Medic ago  Tsativa)  L, ) ^ 
brome  grass  (Bromus  inermis  Leyss . ) >  timothy  ( Ph le urn  pr a t e ns e  L . ) 
and  western  rye  grass  (Agropyron  teiiernm  Vasey)  on  the  yield  and 
quality  of  subsequent  wheat  crops*  Timothy,  the  most  common 
cultivated  grass  in  North  ilmerica,  v/as  e8.rly  introduced  into 
Alberta,  and  is  still  widely  grown  in  spite  of  its  inability  to 
withstand  drought*  Brome  and  western  rye  grass  are  tv/o  crops 
whose  hardiness  and  drought  resistance  render  them  the  leading 
grasses  of  ^^iifestern  Canada,  Alfalfa  v/as  added  to  this  series  of 
experimental  crops  as  a  standard  of  comparison,  because  it  is 
widely  recognized  as  perhaps  the  best  of  all  crops  from  the 
standpoint  of  sequence  effects. 

It  v/as  hoped  by  this  experiment  not  only  to  throw  light 
on  some  of  the  theoretical  considerations  of  crop  sequence,  but 
also  to  obtain  information  of  considerable  practical  value. 

As  mixed  farming  becomes  more  prevalent  in  the  West,  as  it  inevit 
ably  will,  the  use  of  rotations  including  a  forage  crop  will  be 
greatly  extended.  In  these  rotation  systems  the  question  of  the 
effect  of  different  forage  crops  on  Y/heat  yield  and  quality  will 
be  of  great  importance.  These  studies  are  of  particular 
importance  to  Central  and  Northern  Alberta,  Yvhere  conditions  are 
favorable  for  mixed  farming^  and  the  quality  of  the  v/heat  is 
usually  inferior  to  that  produced  on  the  open  plains. 

It  was  also  believed  that  a  study  should  be  undertaken 
of  the  effect  of  interplanting  Y/ith  legumes  on  the  yield  and 
quality  of  Y/heat,  A  few  workers  have  studied  the  effect  of  the 
association  of  legumes  and  non-legumes,  but  their  work  has  been 
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largely  confined  to  yield  and  protein  content  of  grasses  and 
cereals  other  than  wheat.  The  increased  protein  content  of 
the  associated  non-legiane,  foLind  by  some  investigators,  with 
its  consequent  bearing  on  the  subject  of  wheat  quality,  gave  rise 
to  the  question  v/hether  it  would  be  possible  to  improve  the  yield 
or  quality  of  wheat  by  interplanting  v/itli  legumes. 
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REVIEW  OF  LITERATURE 

Effect  of  Crop  Sequence  on  Yield  and  Quality . 

That  the  growth  of  certain  crops  will  affect  the  yield 
and  composition  of  a  succeeding  crop  has  been  popularly  believed 
for  a  long  time  and  has  received  much  experimental  confirmation. 

This  effect  m.ay  be  beneficial  or  deleterious  depending  on  the  nature 
of  the  preceding  crop  and  on  the  environment*  Since  this  experiment 
in  crop  seqiience  was  confined  to  the  effect  of  alf  alf  a^brome , 
timothy,  and  western  rye  grass  on  wheat  we  shall  conf'ine  the 
references  largely  to  work  done  with  these  crops* 

There  is  no  dearth  of  experiments  demonstrating  the 
superiority  of  legumes  in  increasing  the  yields  of  subsequent 
wheat  crops*  Very  little  work, however ,  has  been  done  on  the 
important  factor  of  quality*  At  the  Indiana  station  (35)  as  an 
average  for  100  crops  on  8  experiment  fields  in  that  state  for 
20  years,  vvheat  after  a  legume  has  loroduced  5  bushels  more  per 
acre  than  similar  rotations  where  no  legume  v/as  groY/n, 

An  early  Canadian  experiment  at  the  Ontario  Agricultural 
College  (39)  resulted  in  Y/heat  after  alfalfa  giving  a  50  per  cent 
higher  return  than  after  timothy* 

The  experiments  with  crop  rotations  on  the  prairies  do 
not  afford  a  comparison  over  a  long  period  of  years  betv/een  the 
effect  of  a  leguime  and  a  non-legume  hay  crop  on  the  following  VYheat 
crop.  At  Brandon  (24)  the  yield  of  vfneat  after  alfalfa  has  been 
higher  than  after  gra.sses,  8.nd  at  the  IJniversity  of  Alberta  (26) 
Y/heat  follov/ing  alfalfa  has  yielded  better  than  following  timothy. 

Mangels  (23)  found  in  North  Dakota  that  w^heat  following 
sYveet  clover  had  a  higher  percentage  of  protein  than  v/heat  after 
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non-legULies .  Call  (3)  working  in  Kansas,  reported  the  protein 
content  of  wheat  v/as  materially  loweh  where  this  crop  followed 
hrome  grass  than  where  it  followed  alfalfa. 

The  explanation  for  the  beneficial  effects  of  legimies 
on  wheat  yield  and  quality  appears  to  lie  in  the  increased  nitrate 
content  of  the  soil  hnd  conditions  favorable  for  nitrification 
consequent  upon  growing  these  crops.  A  number  of  investigators 
(19,21,22,36,38)  have  demonstrated  that  the  prod.uction  of  nitrate 
nitrogen  in  soil  under  a  legume  such  as  alfalfa  is  higher  than 
under  grass  crops,  and  that  the  effect  persisted  for  some  time, 
at  least  up  to  two  years  (38)  after  the  sod  was  broken. 

Ldhnis  (17)  found  increases  in  crops  after  legumes  were 
almost  or  quite  as  high  when  the  legLimes  were  harvested  as  when 
they  were  plowed  under  as  green  manures.  Stimulation  of  bacterial 
activities  by  growing  legumes  was  evidenced  by  marked  increases 
in  the  total  number  of  soil  organisms,  by  rapid  multiplication 
of  such  forms  as  B.  radiobacter,  and  by  greatly  increased 
nitrification,  xlctinomyces  and  fungi  likewise  became  more  numerous 
under  the  influence  of  legumes.  The  favorable  change  in  the  soil 
flora  persisted  and  became  even  more  pronounced  during  the  next 
two  or  three  months  after  the  legumes  had  been  harvested.  Longer 
intervals,  however,  and  especially  a  thorough  drying  of  the  soil, 
caused  a  more  or  less  complete  disappearance  of  these  beneficial 
changes. 

Ydien  we  compare  the  effects  of  the  grasses  on  succeeding 
wheat  crops  the  little  work  done  on  this  question  at  Brandon  and 
University  of  Alberta  has  indicated  western  rye  has  an  advantage 
over  brome .  At  Beaverlodge,  in  1923, 1924^ and  1926  the  yield  of 
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barley  after  western  rye,  and  in  1927  of  wheat  after  v/estern  rye 
was  greater  than  the  yield  of  these  respective  crops  after  brome  • 

The  depressive  effect  of  timothy  on  succeeding  grain 
crops  has  been  noticed  by  a  number  of  investigators  (19,21,22,26,36) 
and  stLidied  in  considerable  detail  at  Cornell  University*  It  has 
been  demonstrated  that  a  plant  residue  like  timothy,  containing 
a  large  amo-unt  of  carbonaceous  matter  and  a  loViT  nitrogen  content, 
when  incorporated  with  soil  causes  a  temporary  disappearance  of 
nitrate  nitrogen  with  resulting  detrimental  effects  on  succeeding 
crops*  The  explanation  piit  forth  is  that  the  plant  is  forced  to 
compete  with  soil  organisms-  which  use  nitrates  for  their,  ovm 
metabolism,’  and  that  these  organisms  are  grea.tly  stimulated  in 
growth  by  the  presence  of  large  supplies  of  energy  -  forming 
material.  The  available  nitrate  content  of  the  soil  is  thus 
reduced,  temporarily  at  least,  by  the  transformation  of  available 
nitrogen  into  non-available  forms,  through  the  agency  of  micro¬ 
organisms.  It  has  also  been  shown  (36)  that  the  decomposition  of 
tim.othy  is  extended  over  a  much  longer  period  than  that  of  other 
crops,  particularly  legumes,  and  meanv/hlle  the  nitrate  nitrogen 
of  the  soil  is  depressed. 

That  this  effect  may  bo  modified  by  climatic  conditions 
is  indicated  by  the  results  of  an  experiment  on  the  residual 
effect  of  sods  carried  out  at  the  Beaverlodge  station  a  few  years 
ago,  and  found  in  the  reports  of  the  Superintendent  for  1923, 
1924,1926,  and  1927.  In  1923  and  1924,  barley  following  ?/estern 
rye  v;as  higher  in  yield  and  protein  content  than  when  following 
brome,  and  considerably  higher  than  the  same  crop  following 
timothy.  In  1926  and  1927,  the  yield  of  ba.rley  and  wheat  after 
timothy  sod  v/as  slightly  higher  than  that  follo?/ing  v/estern  rye 
or  brome  grass.  In  the  latter  two  years  the  v/eather  follbwing 


.  j  r ' 


j 


o.  .'5: 


1 


ft  : 


j 


.'>0'  r'-X/: 


.f,  :  I 


o  or.i 


o 


.r 


;)  :i 


{O.C 


,f. 


r  n  -  -  ^  :  ff  '  r 


o.  /  ; 


r 


•0. 


.. .  .'i .  J 


1 


t 


.'1 


]  0  :ibCo  V.,  •■) 


jmJ  ',i.' ;  ;.i-LC 


jii; 


- . :'‘b  !;>• 

.b.Yc  .r.r.t*)'. 


I 


jj. 


yf;^\ 


4' I. 


C, 


j,: 


page  7 


the  hreaking  of  the  sods  and  previous  to  seeding  to  grain  the' 
next  spring  was  wet,  in  marked  contrast  to  conditions  in  1923 
and  1924,  During  the  warm  humid  season  all  sods  rotted  equally 
well  and  no  adverse  effect  of  timothy  was  noted. 

It  might  he  expected  that  previous  work  on  crop  sequence 
would  have  demonstrated  that  the  crop  vdiich  made  the  heaviest 
demands  on  soil  moisture  and  nutrients,  particularly  nitrates, 
would  he  follov/ed  hy  the  lov/est  yield  of  'wheat*  The  root  systems 
of  alfalfa,  hrome,  and  western  rye  grass  as  shov/n  hy  Weaver  (33) 
are  much  more  extensive  than  those  of  timothy.  Those  of  western 
rye  and  hrone  are  also  more  intensively  branched.  In  an  experiment 
at  Olds,  Hopkins  (13)  found  that  hrome  grass  reduced  the  soil 
moisture  to  9  per  cent  v/hile  timothy  reduced  it  only  to  15  per 
cent.  Recent  work  hy  Duley  (7),  and  Kiesselhach,  Russell  and 
;\nderson  (14),  has  shown  that  alfalfa  greatly  depletes  subsoil 
moisture  and  that  low  yields  of  this  crop  on  old  stands  can  he 
attributed  to  this  fact.  It  is  quite  easy  to  see  that  under  certain 
conditions  the  rel8.tive  depletion  of  soil  moistince  hy  previous 
crops  Y/ould  'influence  the  groY/th  of  wheat.  Alfalfa  removes 
more  nitrogen  from  the  soil  than  timothy,  yet,  the  experimenta 
at  Edmonton  and  Beaverlodge,  as  Y/ell  as  the  Cornell  results, 
indicate  that  the  legume  is  folloY/ed.  hy  larger  croies  of  grain. 

Finally  the  effects  of  crop  sequence  have  been  at  various 
times  ascribed  to  toxic  decomposition  products  of  plant  residues  . 
It  has  been  demonstrated  hy  a  number  of  v/orkers  that  such  products 
may  arise  u'nder  unfavorable  soil  conditions,  such  as  poor  aeration, 
and  exert  a,  toxic  effect  on  subsequent  crops.  One  of  the  latest 
contributions  along  this  line  is  by  Gollison  and  Conn  (6)  who 
foimd  tv70  harmful  factors  associated  with  straw  and  other  plant 
residues.  First  a  toxic  chemical  agent  acted  upon  the  seedling 
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plants  iimnediately  after  germination,  although,  it  did  not 
have  a  very  pronounced  effect  in  the  presence  of  much 
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colloidal  matter,  as  in  clay  soils •  The  second  was  the 
biological  factor  already  dismissed  due  to  the  stimulation  of  micro¬ 
organisms  which  compete  with  plants  for  nitrates.  They  do  not  state 
Y/hether  they  found  any  difference  betY/een  the  effects  of  tirr.othy  and 
of  alfalfa  residues. 

Effect  of  Association  on  Yield  and  Quality. 

Very  little  Y/ork  has  been  done  on  the  effect  of  association 
with  legumes  on  yield  and  quality  of  non-legumes,  A  few  experiments 
have  been  reported  where  other  grains  or  grasses  were  grown  Y/ith 
legumes , 

Among  the  first  to  report  a  beneficial  effect  of  association 
Y/ith  legumes  were  Lyon  and  Bizzell  (20)  Y\rho  found  the  protein  content 
of  timothy  grown  Y/lth  alfalfa,  and  oats  grovai  Y/ith  peas  was  higher 
than  Y;hen  these  non-legumes  were  groY/n  alone. 

Lipman  (16)  also  found  oats  Y/ere  benefitted  by  association 
v/ith  peas,  and  sts.ted  that  non-legumes,  under  fa.vorable  conditions, 
may  secure  large  amounts  of  nitrogen  from  legumes,  even  though  this 
may  not  be  indicated  by  an  increased  proportion  of  nitrogen  in  the 
dry  matter  of  the  non- legume , 

Sllett,  Hill,  and  Harris  (9)  obtained  contradictory  results 
in  greenhouse  and  field  experiments.  In  the  greenhouse  when  corn  and 
beans  were  grov/n  together  the  protein  content  and  yield  of  the  former 
were  benefitted.  In  the  f ield,hoY;ever ,  the  corn  and  bean  association 
Y/as  detrimental  to  the  grov/th  of  the  corn, 

Stallings  (30)  found  Y/heat  groY/n  Y^ith  inoculated  soybeans 
many  under  favorable  conditions  obtain  considerable  amounts 
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of  nitrogen  from  the  latter. 

On  the  other  hand,  Westgate  and  Oakley  (34)  report 
that  the  protein  content  of  wheat  was  slightly  lov/ered  when 
grov/n  with  crimson  clover. 

Lyon  (18)  reported  the  use  of  peas  planted  with  oats 
was  detrimental  to  the  yield  of  the  latter,  hut  was  largely  off¬ 
set  hy  an  increase  in  subsequent  crops  in  the  rotation. 

Duley  and  Miller  (8)  grew  a  mixture  of  corn  and  soybeans, 
or  corn  and  cowpeas  on  t?mnty-five  experimental  fields  in  Missouri. 
The  yield  of  corn  was  decreased  about  one  bushel  per  acre  by  this 
practice . 

The  question  might  be  raised  whether  the  presence  of  a 
legume  might  not  stimulate  growth  of  micro-organisms  with  resulting 
benefit  to  both  legume  and  non-legume. 

Starkey  (31)  has  indicated  that  while  different  plants 
exert  different  degrees  of  influence  upon  the  soil  organisms,  in 
a  manner  as  yet  not  fully  understood,  legumes  may  exert  no  more 
pronoujiced  effects  upon  the  organisms  than  do  non-legumes. 

In  conclusion,  information  in  regard  to  the  influence 
exerted  by  legumes  when  grown  in  association  with  wheat  is  meagre, 
and  no  experiment  shov/ing  the  combined  effect  on  yield  and  quality 
has  been  reported. 
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ANALYTICAL  I-IETIIODS 

Sampling .  -  Samples  of  hay,  strav/,  stubble  and  roots,  and  wheat, 
secured  as  outlined  in  the  experiments,  were  ground  finely  in  a 
Wiley  mill  and  a  representative  sample  obtained  from  this  material. 


lioisture . -  The  samples  of  hay,  straw,  and  plant  residues  were 
dried  in  vacuo  by  the  m.ethod  outlined  for  feeding  stuffs  in 


I.Iethods  of  iinalysis, 
wheat  and  flour  samp 


JjJX 


Assoc.  Official  Agr .  Chem . ,  1920.  The 
les  were  dried  in  an  air  oven  for  one  hour 


at  130^  C. 


Total  Nitrogen.-  The  total  nitrogen  on  all  material  was  determined 
by  the  Kjeldahl  method,  using  the  procedure  recommended  by  Paul 
and  Berry  (27).  Protein  of  wheat  and  flour  m  N  x  5.7; 
protein  of  hay,  straw,  and  plant  residues  “  N  x  6,25. 

Grade The  grade  reported  is  the  official  grade  assigned 
to  the  samples  by  the  Dominion  Grain  Inspector  at  Edmonton, 

V/ e i ght  per  Bushel.-  The  T/eight  per  bushel  was  d,etermined  by 
weighing  the  wheat  by  the  beam  method  in  an  Imperial  Quart 
Bucket.  Uniform  a.nd  accurate  results  were  obtained  by 
employing  exactly  the  same  quantity  of  grain  and  identical  con¬ 
ditions  in  the  packing  of  the  grain  into  the  bucket. 

Kernel  T e xt u.r e  . -  The  kernel  texture  was  determined  by 

classifying  a  representative  sample  of  one  thousand  kernels 
into  hamd,  piebald,  and  starchy  on  the  basis  of  external 
appearance.  The  result  was  checked  by  cutting  the  kernels 
Yiith  a  Harks  grain  tester  and  observing  the  appearance  of  the  cut 
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surface . 

i.u'ucle  The  anioimt  of  crude  fibre  in  the  plant  residues 

v/as  deter,  ined  using  the  method  of  Bidwell  and  Bopst  (1)« 


Bther  Extract*-  The  ether  extract  was  determined  by  the  method 
outlined  for  analysis  of  feeding  stuffs  in  Methods  of  Analysis, 
As^soc.  Official  Agr «  Gheiii,  ,  1920,  v/ith  modifications  developed  ^ 
in  this  laboratory*  Alundum  thimbles  of  fine  porosity  Yirere 
used  instead  of  the  official  papier  mache,  and  extraction  was 
carried  out  for  48  hours  instead  of  16. 


Ash, -  The  amount  of  ash  in  plant  residues  was  determined 
as  follov/s:-  2  -  gram  samples  of  oven  dried,  material  Y/ere 
weighed  directly  into  previously  ignited  and  v/eighed  alundum 
crucibles  which  were  placed  in  a  muffle  furnace  at  600^  c. 

The  crucibles  were  removed  in  ^  hour,  cooled,  and  stirred 
thoroughly  with  a  glass  rod  to  break  up  the  ash  a.nd  reduce 
the  amount  of  occluded  carbon*  The  heating  was  repeated  as 
before,  about  -J-  hour.  The  crucibles  were  removed  to  a 
vacuimi  dessicator  for  twenty^-mlnutes  and  weighed  in  a  v/eighing 
bottle.  Duplicates  were  required  to  check  v/ithin  2^, 


Milling . »  The  milling  was  done  in  an  experimiental  mill, 
using  the  standard  process  of  the  Associate  Commiittee  on  Grain 
Research  described  by  Geddes  (10), 

M:-king .  -  Baking  was  done  in  an  experimental  bake  shop  and 
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the  procedure  v/as  that  of  the  J'jnerican  Association  of  Cereal 
Chemists  (2)  with  the  modifications  used  by  the  Associate 
Committee  on  Crain  Research,  described  by  Larmour  and.  McLeod  (15), and 
Geddes  (10).  The  methoc  of  scoring  loaves  used  b^r  the 
Associate  Corrmiittee  on  Grain  Research  has  also  been  described 


by  Larmour  and  McLeod  (15) 
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THE  EFFECT  OF  i'J.Fi’J.FA  AHD  VARIOUS  ORASSES 
OH  YIELD  AND  QjJ.xLITY  OF  SUCCEEDIHG  ^^/IIEAT  CROPS. 

Flan  of  Experiment  and  Prod-gction  of  Material 


The  experiment  to  determine  the  effect  of  alfalfa  and 
various  grasses  on  Y/heat  yield  and  quality  was  designed  in  1927. 

This  project  is  being  carried  on  in  co-operation  .with  the  Soils. 
Department  of  the  University  of  Alberta  v/ho  are  endeavouring  to 
deteriiiine  the  effect  of  different  crops  on  chemical  and  biological 
changes  in  the  soil.  Block  7E  in  the  Investigation  Field  on  the 
University  Farm  which  had  been  fallov/ed  the  previous  year  Y/as  seeded 
June  10-21,1927,  in  the  folloYYing  manner. 

The  block  v/as  divided  into  three  sub-blocks , each  200  by 
205  links,  divided  by  the  Latin  squa.re  system  into  16  plots  each  50 
by  50  ‘links.  The  extra  5  links  in  v/ldth  of  the  block  'were  distributed 
betv/een  three  paths  running  north  and  south,  each  1  2/3  links  wide. 

At  harvest  a  2  -  link  margin  around  each  plot  was  discarded,  leaving 
the  net  size  46  by  46  links. 

The  plots  Y/ere  similar  in  topography  and  soil  characteristics 
the  only  exception  being  a  depression  at  the  north-Y/est  corner  of 
the  block  Y/here  part  of  a  plot  must  occasionally  be  discarded  owing 
to  flooding  in  the  spring. 

Sub-blocks  are  designated  by  Roman  numerals  1,11,111, 
from  north  to  south.  Within  each  sub-block  plots  number  from  north 
to  south  in  four  groups  containing  respectively  Hos.-  1-4^-5-S,  9-12^ 
13-16,  beginning  at  the  north-east  corner. 

The  follo'wing  crops  were  seeded  on  each  sub-block  in 
quadruplicate  by  liinited  random  dis tribu.tlo.n: - 
Timothy  -  SY;allo\Y,  8  lbs.  per  acre. 

Western  Rye  Grass  -  Fyra,  10  lbs.  per  acre,  : 
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BrO' .e  grass  -  Sug^rior,  12  lbs.  per  acre. 

Alfalfa  -  Grimni  (inoculated),  10  lbs.  per  acre. 

These  crops  were  seeded  east  and  west,  50  rov/s  1  link 
apart  on  each  plot,  beginning  -I-  link  from  the  boundary  of  each  plot 
The-  plan  belov;  shov/s  the  numbering  and  arraagenent  of 
plots  and  crops: 


Sub-block  I  Sub-block  II  Sub-block  III 
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Plate  I  shows  a  view  of  a  portion  of  the  three  sub-blocks. 


Soil  samples.-  Tliree  borings  are  taken  per  plot  for  the  surface 
soil,  tv7o  borings  per  plot  for  the  subsurface  and  subsoil. 

Composite  samples  are  made  for  each  crop  on  each  sub-block,  or 
twelve  composites  for  each  depth  of  sampling,  or  thirty-six 
composites  in  all  at  each  time  of  sa:'::pling  the  whole  block. 

For  the  first  season,  samples  were  taken  just  before 
seeding  and  again  at  monthly  intervals  until  fall.  uhen  a 
cutting  of  hay  was  mnde  one  samiDling  coincided  v;ith  the  time  of  cutt 
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Sampling  is  being  continued  throughout,  later  seasons 
until  a  second  wheat  crop  following  breahing  has  been  tahen. 

Moisture  and  nitrates  are  determined  on  all  samples; 
total  nitrogen  once  per  season. 

In  1929,  the  rate  o*f  nitrification  of  soil  from  sub-block 
I  v;as  determined  under  laboratory  conditions  by  the  Department  of 
Soils,  which  Department  also  made  a  study  of  the  soil  micro- 
orgsaiisms  oc curing  under  the  following  crops:- 
Alfalfa,  Sub -block  III 
Timothy,  Sub -block  III 
Western  Rye,  Sub-block  III 
Vdieat  following  alfalfa.  Sub-block  I 
?/lieat  following  timothy.  Sub-block  I 
Wheat  following  western  rye.  Sub-block  I. 

Hay  Yields.-  The  hay  is  cut  vdien  the  grasses  have  passed 
full  bloom  stage.  Margins  are  discarded,  the  green  v/eight 
per  plot  is  recorded,  semiples  taken  for  analysis,  and  the  crop 
removed  at  once. 

If  a  second  cutting  of  hay  becomes  necessary  it  is 
treated  in  a  similar  manner. 

Hay  Samples.-  Samples  of  lOOOgrams  -  are  taken  from  each 
plot.  These  are  carried  to  the  air-dry  stage,  v/eighed, 
combined  for  each  crop  on  each  sub-block  (making  3  samiDles  of 
each  crop  or  a  total  of  12  samples),  ground  and  oven-dried. 
Moisture  and  total  nitrogen  are  determined. 

In  192S  the  hay  saraples  were  not  combined  but  analysed 
seoarately  for  each  plot  to  obtain  a  measure  of  variability. 
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The  samples  are  dried  quickly  to  prevent  serious  losses 
by  respiration  and  enz2,nne  action.  In  the  absence  of  special 
equipment,  rapid  drying  was  secured  by  placing  the  samples  in 
racks  around  a  stove  in  a  small  room  in  the  barn.  After  drying, 
before  weighing  and  grinding  in  the  Wiley  mill,  the  samples  were 
allov/ed  to  stand  at  room  temperature  for  a  few  days  to  come  to 
appro ximat e  e qui librium , 

Breaking Sub-block  I  was  broken  on  J'uly  25,1923,  iimnediately 
after  cutting  the  hay  (sod  1  year  old).  Sub-block  II  will  be 
broken  at  the  corresponding  time  in  1950  (5  years  old);  and 
sub-block  III  in  1952  (5  years  old).  In  breaking,  the  sod  v/as 
turned  over  flat,  packed  at  once,  and  prepared  for  seeding 
whe at  next  spring. 

Sod  Samples,-  Just  after  cutting  hay  and  before  breaking, 

4  sods  per  plot  ane  taken,  each  i-  square  foot  in  area  (8  inches 
astride  the  rows  by  9  inches  long)  and  6  inches  deep.  These 
are  measured  accurately;  the  soil  washed  out  promptly,  before 
fermentation  occurs;  and  the  residues  are  air-dried'  rapidly,  and 
v/eighed  to  get  an  estimate  of  variability.  Roots  and  stubble  are 
divided  carefully  at  the  crown  and  composites  of  roots  and 
stubble  are  made  separately  for  each  crop  (8  composites  per 
sub-bloclf)..  These  are  weighed,  ground,  and  analysed  for 
moisture,  total  nitrogen,  crude  fibre,  ether  extract  and  ash. 
Following  Crops.-  Wheat’  is  planted  on  each  sub-block 
the  spring  after  breaking,  and  again  on  spring-plov/ed  stubble 
the  following  spring,  (That  is,  the  last  crop  of  v/heat  will  be 
harvested  from  Sub-block  III  in  1954),  I.Iarquis  v/heat  was 
seeded  Llay  4,  1929,  on  Sub-block  I,  The  crop  from  each  plot, 
trimmed  as  before  to  46  by  46  links,  is  harvested  and  tliresned 
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separately.  Straw  and  grain  are  v/eighed,  500  gram  samples  of 
each  are  taken  from  each  plot  and  composites  representing  preceding 
crops  are  made  (4  straw  and  4  grain  composites  per  snb-block). 

These  are  groiind  and  analysed  for  moisture  and  total  nitrogen. 
Complete  milling  and  baking  tests  are  carried  out  on  the  grain. 

All  cultural  operations  and  all  plant  sampling  and  analyses  are 
carried  out  by  the  Department  of  Field  CroiDs .  All  soil  sampling 
and  analyses  are  carried  out  by  the  Department  of  Soils. 

Yield  and  Composition  of  Hay  crops  ^  1927--29 . 

H^y  crop  of  1927.-  Although  the  plots  were  seeded  in  the 
middle  of  June  (10th  -  2lst)  the  plants  had  grown  sufficiently 
to  take  a  cutting  of  hay  by  September  8,  The  ds.ta  on  the 
yield  and  protein  content  of  the  hay  are  given  in  Table  I. 

The  data  on  the  yield  and  protein  content  of  the  hay 
for  1927, 19285 and  ^^29  are  given  in  the  following  tables. 

A  knowledge  of  this  is  of  importance  in  a  study  of  the  relative 
sequence  effects  of  the  foui'’  crojps ,  since  it  gives  a  mes-sure 
of  the  draft  which  these  make  upon  soil  moisture  and  nutrients, 
among  the  latter  hnore  especially  the  nitrates.  Incidently 
it  furnishes  a  comparison  of  these  four  crops  from  the  standpoint 
of  their  suitability  as  forage  crops  under  our  conditions . 

Kor  must  we  lose  sight  of  this  aspect  of  the  subject,  inasmuch 
as  no  crop,  no  matter  how  excellent  its  effect  may  be  on  succeed¬ 
ing  grain  crops,  is  likely  to  become  popular  if  its  inherent 
value  is  inferior  to  that  of  other  forage  crops . 
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Table  I.  -  Yield  and  nrotein  conhen-h  n-r 

hav- 192*7,  i 

Crop 

Plot 

No. 

Yield 

(dry  basis) 

Nitrogen 

- 47  7 - - 

Nitrogen 

removed 

in 

dry  hay. 

per  sub- 

b].ock. 

per  acre . 

lbs. 

df 

lbs. 

lbs  . 

Sub -block  I 

Alfalfa 

2 

30 

8 

39 

11 

11 

i 

13 

23 

' 

! 

Av  • 

26 

3.60 

i 

i 

i 

Total 

103 

3.7 

43.7 

1 

i 

Brome  ! 

3 

53 

i 

1 

6 

49 

- 

9 

32 

1 

16 

39 

1 

Av. 

43 

3.45 

Total 

173 

' 

6.0 

70.9 

Timothy 

1  1 

59 

!  V  I 

i  68 

1  12 

i  48 

14 

i  46 

1 

1  Av. 

59 

2.06 

1 

i 

;  Total 

221 

1 

!  4.5 

53.2 

Western  r^^-e 

4 

73 

1 

i  5 

57 

10 

54 

15 

35 

Av. 

55 

j  2.67 

Total 

219 

{ 

5.8 

68.5 

Sub-block  II 

Alfalfa 

I  1 

35 

1  6 

34 

12 

16 

15 

14 

Av, 

25 

3.60 

Total 

99 

3.6 

42.5 

rr 

X 

'able  I  -  (Continued) 
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Nitrogen 

Nitrogen 

removed 

CroD 

Plot 

Yield 

in 

per  sub¬ 

per  acre , 

ho, 

(Dry  basis) 

dry  hay. 

block. 

lbs  . 

0/ 

lbs  . 

lbs  . 

Broine 

2 

50 

7 

34 

' 

9 

36 

16 

37 

Av, 

39 

3.48 

Total 

157 

5.5 

65.0 

Timothy 

3 

57 

i 

.8 

60 

( 

10 

50 

1 

13 

38 

1 

Av. 

51 

1.81  j 

, 

Total 

205 

3.7 

43.7 

Vv'e stern  rye 

4 

51 

i 

5 

66 

j 

11 

49 

i 

i 

i 

14 

53 

Av. 

55 

2.32 

Total 

! 

219 

1 

1 

5.1 

60,3 

Sub- D lock  III 

I 

1 

Alfalfa 

2 

26 

5 

i 

11 

33 

16 

37 

Av, 

30 

3.72 

Total 

120 

4.5 

53.2 

Brome 

3 

41 

6 

38 

1 

12 

31 

i 

1 

13  ^ 

•38 

Av.^ 

39 

3.47 

Total 

148 

5,4 

63  •  8 

Timothy 

1 

54 

8 

52 

10 

65 

15 

66 

Av, 

59 

1.93 

Total 

237 

4.7 

55 . 5 
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Table  I.-  (Continued) 


Precipitation  in  the  suiiiiiier  of  1927  was  very  favorable  for 
the  growth. of  hay  as  evidenced  by  the  yields  obtained  in  less 
than  three  months  after  seeding.  Timothy  and  western  rye  gave  the 
highest  yields,  follovi/ed  by  brome  and  alfalfa.  The  percentage 
of  nitrogen  is  highest  in  alfalfa  hay,  followed  by  brome  and 
western  ryegrass,  with  timothy  containing  the  lov/est  percentage. 

The  amount  of  nitrogen  removed  by  the  various  crops  depends  of 
course  on  the  yield  and  percentage  of  nitrogen  present  in  the  hay. 
Brome  removed  the  greatest  amount  followed  by  western  rye,  timothy, 
and  alfalfa  in  the  order  given. 

Hay  crop  of  1928.  First  cutting.-  The  first  cutting  of. hay  in 
1928  was  made  on  June  10-11,  with  the  exception  of  the  brome 
which  v/as  cut  on  June  20.  Sair.ples  were  tanen  from  each  individual 
plot  for  the  determination  of  nitrogen  in  order  to  obtain  an 
estimate  of  the  variability.  The  results  are  given  in  Taole  2. 
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Table  2,  -  Yield  and  protein  content  of  hay.'  First  cutting,  1928 . 


Nitrogen 

Nitrogen  : 

removed 

Crop 

Plob 

Yield 

in 

per  sub- 

per  acre . 

No. 

(dry  basis) 

dry  hay. 

block 

lbs  • 

of 

p 

lbs. 

lbs  . 

Sub -block  I 

Alfalfa 

2 

94 

2.72 

8 

89 

2.34 

11 

62 

2.86 

13 

97 

2.64 

Av, 

86 

2.77 

Total 

342 

9.5 

113.4 

Broine 

3 

121 

2.04 

6 

114 

1.90 

9 

114 

1.76 

16 

97 

2.41 

Av. 

112 

2.03 

Total 

446 

9.3 

108.7 

Timothy 

1 

108 

1.32 

7 

99 

1.46 

- 

12 

96 

1.43 

14 

101 

1.38 

Av. 

101 

1.40 

Tot  S.1 

404 

5.6 

66.2 

Western  rye 

4 

144 

1.58 

5 

139 

1.36 

10 

99 

1.48 

15 

111 

1.42 

Av. 

123 

1.46 

Total 

493 

7.2 

35.1 

Sub-block  II 

Alfalfa 

1 

102 

2.59 

6 

88 

2.70 

12 

75 

2.36 

15 

55 

3.10 

Av, 

30 

2.81 

Total 

320 

9.0 

106.3 

Brome 

2 

116 

2.06 

7 

,  '  94-- 

2.08 

9 

107 

1.95 

16 

94 

2.13 

Av, 

103 

2.06 

8.4 

99.2 

Total 

411 

;3;: 
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Table  Z  •  - _ (Continued)  ♦ 


Crop 

Plot 

No. 

Yield 

(dry  basis) 

Nitrogen 

in 

dry  hay. 

Nitrogen  removed 

per  sub¬ 

block  . 

per  acre. 

lb$. 

% 

Its. 

!  05, 

Timothy 

3 

'  105 

1.46 

8 

90 

1.46 

10 

92 

1.44 

13 

98 

1.45 

Av. 

96 

1.45 

Total 

385 

5.6 

66.2 

Western  rye 

4 

117 

1.45 

5 

132 

1.54 

11 

104 

1.50 

14  ! 

117 

1.48 

Av ,  j 

118  j 

1.49 

Total 

471 

7.0 

82.7 

Sub -block  I 

II. 

Alfalfa 

2 

76 

2.80 

5 

75 

2.62 

11 

75 

2.83 

16 

78 

2.83 

Av. 

76 

2.77 

Total 

304 

8.4 

99.2 

Brome 

3 

102 

2.08 

6 

99 

2.06 

12 

81 

2.12 

.  13 

103 

2.06 

Av .  ' 

96 

2.08 

Total 

1  385 

8.0 

94.5 

Timothy 

1 

108 

1.34 

i 

i 

8 

110 

1.32 

j 

1 

1 

10 

105 

1.46 

j 

15 

99 

1.42 

Av. 

I  105 

1.39 

Tota  1 

422 

5.8 

68.5 

Western  Rye 

4 

119 

1.47 

7 

110 

1.48 

9 

117 

1.44 

j 

14 

119 

1.53 

1 

Av, 

116 

1.48 

Total 

465 

6.9 

80.3 
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The  order  of  the  crops  v;ith  respect  to  yield  is  changed 
from  that  obtained  in  1927.  Western  rye  gave  the  highest  yield, 
followed  by  brome , timothy ,  and  alfalfa.  The  nitrogen  content  of 
the  hays  is  lower  than  it  was  in  1927.  This  was  to  be  expected 

since  the  cutting  in  1927  was  made  at  an  earlier  stage  in  the  ^ 

growth  of  the  plants.  However,  the  order  of  the  crops  remained 

unchanged.  The  total  amount  of  nitrogen  removed  in  the  crop  is  ^ 

greatest  .in  alfalfa,  followed  by  brome ,  western  rye,  and  timothy,  I 

There  is  surprisingly  little  variation  in  nitrogen  content  j 

between  the  individual  plots  of  the  different  crops.  The  only  , 

o  ,  -  I 

wide  variations  occur  in  tiie  brome  plots  of  Sub-block  I  (1.76%  | 

I 

to  2.41^),  and  in  the  alfalfa  of  Sab-block  II  (2.59^o  to  3.10^). 

Hov/ever  it  should  be  observed  that  the  8.verage  for  all  the  plots 
of  brome  on  Saib-block  I  and  of  alfalfa  on  Sub-block  II  agrees  very 
well  with  the  averages  from  the  other  sub-blocks . 

Hay  crop  of  1923.-  Second  cutting,-  Sub -block  I  v/as  plowed  . 

immediately  after  the  first  cutting  of  hay  was  removed.  The 

growth  on  the  other  two  sub-blocks  warranted  the  cutting  of  a  second 

crop  of  hay  on  September  21.  As  in  the  first  cutting  each  plot 

v/as  analysed  separately  for  nitrogen.  The  yields  and  nitrogen  content 

are  given  in  Table  3 ,  ' 
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Table  3. --Yield  and  protein  content  of  hay,  second  cutting^-*  1928» 


Crop 

Plot 

ITo. 

Yield 

(dry  basis ) 

Nitrogen 

- - -  -  y.,,..  ,  ,  ■  . . — 

Nitrogen  ;  removed 

in 

dry  hay. 

per  ^ 

sub-block 

per  acre 

lbs. 

7o 

lbs . 

lbs . 

Sub-block  II 

Alfalfa 

1 

58 

1.96 

6 

1.89 

12 

48 

1.94 

15 

52  ! 

2.00  ! 

Av. 

54  i 

1.95 

Total 

217  ! 

4.2 

49.6 

Brome 

2 

50  1 

1.26 

7 

61  1 

1.44 

9 

36  1 

1.21  1 

16 

59 

1.46  1 

Av. 

% 

1.34  1 

Total 

206 

1 

2.8 

33.1 

Timothy 

32 

1.50 

8 

27 

1.45  ! 

10 

16 

1.40  ! 

13 

16 

1.49  i 

Av. 

23 

1.46 

Total  I 

1 

91 

1.3 

15.4 

Western  rye 

1 

4  i 

46 

1.89 

1 

5  ^ 

51  ! 

1.80 

1 

11 

'46  j 

1.94 

. 

14 

1  56 

1.99 

1 

1 

Av. 

i  50 

1.91 

1 

i 

Total 

i  199 

1 

Lo 

00 

44.9 

Sub-block  II 

1 

■Jt 

1 

i 

1 

I 

1 

Alfalfa 

'  2 

51 

1.89 

j 

i  5 

53 

2.00 

51 

1.90 

'  16 

57 

2.28 

1  Av. 

53 

2.02 

;  Total 

212 

{ 

4.3 

50.8 

Brome 

1  - 

i 

!  63 

1.24 

58 

1.17 

!  12 

i  60 

1.24 

i  13 

■  53 

1.04 

i 

1  Av. 

;  59 

1.17 

i 

Total 

234 

1 

1 

!  2.7 

1 

j 

! 

31.9 

■  ;  4,  i\L-  ■  >  . 
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Table  5,  -  (Continued) 


Crop 

Plot 

No, 

Yield 

(dry  basis) 

Nitrogen 

in 

dry  hay. 

Nitrogen  removed 

per  suD- 

block. 

per  acre . 

lbs  . 

- of 

p 

lbs . 

lbs. 

Timothy 

1 

23 

1.53 

8 

24 

1.56 

10 

26 

1.53 

15 

19 

1.54 

x\V» 

23 

1.54 

Total 

92 

1.4 

16.5 

Western  rye 

4 

49 

■  1.91 

7 

48 

1.98 

9 

47 

1.77 

14 

50 

1.99 

Av, 

49 

1.92 

Total 

194 

3.7 

43.7 

In  this  cutting  the  yields  Y/ere  naturally  lov/er  than  in 
the  first  cutting  of  1928,  Timothy  gave  a  significantly  lov/er  yield 
tha.n  the  other  three  crops.  Betv/een  these  three  the  differences  are 
not  great.  In  this  cutting,  as  in  that  of  1927,  there  was 
considerable  variation  in  yield  between  the  replicate  plots  of  the 
different  crops . 

The  nitrogen  content  of  alfalfa  and  brorne  v/as  lov/er  than 

in  the  first  cutting  while  that  of  western  rye  v/as  higher.  As  the 

plants  Y/ere  cut  in  an  earlier  stage  than  in  the  first  cutting  it 

was  expected  that  the  values  for  all  crops  Y/ould  have  been  higher 

than  in  the  first  cutting.  The  percentage  of  nitrogen  in  the  hay 

was  highest  in  alfalfa,  followed  by  western  rye,  timothy,  and 

brome  grass.  This  difference  in  the  relative  standing  of  the 

nitrogen  content  of  the  three  grasses  in  this  cutting  compared  j 

with  the  tv/o  previous  cuttings  can  only  be  attributed  to  the  well  j 

( 

Imown  fact  that  the  nitrogen  content  decreases  with  increase  in  | 
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maturity  of  the  hay.  The  timothy  and  western  rye  v/ere  not  quite 
as  far  advanced  in  the  stage  of  growth  as  brome  at  this  second 
cutting. 

The  largest  amount  of  nitrogen  was  again  removed  by  the 
alfalfa  and  the  lowest  by  the  timothy.  The  order  of  the  other  two 
crops  was  reversed  in  comparison  with  the  order  of  the  first  cutting. 

Hay  crop  of  1929.  First  cutting.-  The  first  cutting  of 
hay  in  1929  was  made  on  July  16*  The  data  of  the  yield  and 
protein  content  are  given  in  Table  4. 
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Table  4 

Yield 

and  protein  content  of  hay.  First  cutting^ 1929 . 

Crop 

Plot 

Yield 

Nitrogen 

Nitrogen  removed 

No,. 

(dry  basis) 

in 

per  sub¬ 

per  acre .  i 

1 

dry  hay 

block. 

i 

lbs . 

d 

p 

lbs. 

lbs .  1 

Sub-block  II 

Alfalfa 

1 

62 

6 

52  ! 

12 

42  1 

15 

39 

Av. 

49  ! 

2.76 

Total 

195  1 

5.4 

64. 

Brome 

2 

37 

7 

33 

9 

29 

1 

16 

41 

1 

Av. 

35 

1.46 

Total 

140 

2.0 

24.  i 

Timothy 

3 

9  i 

8 

4 

10 

6 

13 

10 

Av. 

7 

2.08 

Total 

29 

0.6 

7. 

Western  rye 

4 

37 

j 

5 

47 

i 

1 

11 

38 

14 

48 

Ay 

43 

1.53 

Total 

170 

2.6 

31 

Sub-block  III 

AIT  a  If  a 

2 

48 

5 

48 

11 

41 

16 

43 

Av, 

45 

2.73 

58 

Total 

180 

! 

4.9 

1 
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Table  4,  -  (Continued) 


Crop 

Plot 

No. 

Yield 

(dry  basis) 

Nitrogen 

Nitrogen  removed 

in 

dry  hay. 

per  suD- 

block 

per  acre 

lbs  . 

lbs . 

lbs. 

Brome 

3 

36 

6 

34 

12 

28 

13 

33 

Av, 

33 

1.49 

Total 

131 

2.0 

24 

Timothy 

1 

7 

o 

6 

10 

8 

15 

6 

Av, 

7 

1.93 

Total 

27 

0.5 

6 

Western  ry 

e  4 

40 

7 

35 

9 

43 

14 

31 

Av, 

37 

1.65 

Total 

149 

2.5 

30 

Conditions  for  the  production  of  hay  in  1929  were  very 
critical  due  to  the  extremely  dry  season.  Timothy  demonstrated  its 
low-yielding  capacity  in  dry  seasons  in  a  very  striking  manner. 

On  the  date  of  cutting,  July  16,  the  timothy,  wliich  had  made 
almost  no  growth  since  spring,  was  about  2-4  inches  high. 

Prom  a  practical  standpoint  the  yield  of  timothy  was  nil,  since 
under  ordinary  farm  conditions  it  v/ould  have  been  impossible  to 
cut  the  hay • 

The  yields  of  the  other  crops,  alfalfa  being  highest, 
followed  by  western  r^^e  and  brome,  demonstrate  their  excellent 

drought--resi s tant  qualities. 
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jr^late  2.-  Difference  in  growth  betv/een  -vestern  rye  grass 
{on  left)  and  timothy  (on  right)  during  the  dry  season  of 
1929*  Brome  grass  in  background. 
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^'late  4.-  Comparison  of  of  alf'.lfa  (on  rigiit) 

and  timothy  (on  left)  during  the  dry  season:  of  1929* 
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Plates  2,3) and  4  show  the  differences  in  growth  of 
these  crops  under  the  dry  conditions  of  1929 • 

The  nitrogen  content  of  the  hays  stood  in  the  order: 
Alfalfa,  timothy,  v/estern  rye,  and  broine  grass.  The  nitrogen 
content  of  the  timothy  was  very  high  due  to  the  stage  at  which  it 
v;as  harvested.  This  result  is  in  harmony  with  the  findings  of 
many  other  workers  (28,37)  that  young  grass  is  a  rich  protein  food. 

Alfalfa  removed  the  large staraount  of  nitrogen  in  the 
hay,  follov/ed  by  western  rye  grass  and-  brome,  v/ith  timothy 
considerably  the  lowest. 

Hay  crop  of  1929.  Second  cutting. With  the  exception 
of  alfalfa,  the  crops  did  not  make  sufficient  growth  to  warrant 
a  second  cutting  in  1929.  Timothy  was  particularly  poor  in  this 
fespect,  making  practically  no  growth  after  the  first  cutting. 

The  yields  and  nitrogen  content  of  alfalfa  cut  September  9,  are 
given  in  Table  5. 


-  .  : .  •'  O,’ i.:  '■  ^ 

\  'V-:  .‘/Ji'!:  ■ 

■  •  :  oX'-j:i  n;  .f  .'  X/'i’ 

V  -■  ,  ■.: :  -I' '  r  ‘ ^ 

o;:.:  'V  .M 

•;  r./  .  j;  ;^^.i , 

:  ::  3;V  T  (  V 

'.,.v  vircrc.'!.;'  •  ■>  -  .'^0V‘: 

...x'.:  ‘C-  ■  ■  ■  ■ 


G.i  ;  J  :.  ‘ 

J;  lirG  '■g.  o, 

vi .' ,  o  o  ^  I ^  0... . .  •  ‘ 1 0  J  ‘i: , i  i  i  o  .  /  ‘i; ,  r': 

.  ^  • :  x.i  ...Gu 'ju' :  /I'-lG  i'iXs  "Xv  j..  -J 


I 


..  '-'M 


■} 


■  C-^ 


page  30, 


Table  Mtrogen  content  of  bay,  Second  cutting,  19^9^ 


Crop 

Plot 

ITo, 

Yield 

(dry  basis) 

Mtrogen 

Mtrogen 

pomoved 

in 

dry  hay. 

per 

sub-block 

per  acre 

lbs. 

lbs. 

TbsT' 

Sub-block  II 

1 

i 

1 

Alfalfa 

1 

40 

i 

1 

6 

37 

12  1 

34 

1 

15 

42 

Av. 

1  38 

2.85 

Total 

153 

4.4 

52 

Sub~block  III 

Alfalfa 

2- 

38 

5 

35 

11 

34 

16 

38 

.  Av, 

36 

2.76 

Total 

145 

4.0 

47 

Relative  draft  of  hay  crops  on  soil.-^It  is  evident  that  the 


higher-yielding  alfalfa,  western  rye,  and  brorae  reraove  much  greater 
amounts  of  moisture  and  nutrients  from  the  soil  than  does  timothy, 
AiDparently  we  must  look  for  another  reason  beside  the  relative 
draft  on  the  soil  for  the  explanation  of  the  superiority  of  grain 
crops  following  these  three  hays  as  compared  with  those  follov^ing 
timothy. 

Yield  and  Composition  of  Sods,  Sub-block  I,  19^8, 

Prior  to  the  breaking  of  Sub-block  I  on  July  23, 

1928,  sod  samples  were  secured  in  the  manner  outlined  in  the  plan 
of  the  experiment.  The  weights  of  the  residues  are  given  in  Table  6, 
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Table  6.- 

Weifcht  of  riant  residues  .  1928 ^  3ub-block  1*^ 

Crop 

Plot 

Sod 

Dry  weisbt  of 

plant  residues 

to  depth  of  6' 

Boots 

^  StuFbTe 

^otal 

gins  . 

gms  . 

gLlS  . 

Alfalfa 

2 

A 

21,6 

13.3 

34.9 

B 

23.4 

13.8 

37.2 

C 

19.8 

12.5 

32.3 

D 

22.9 

10.1 

33.0 

Total 

wrrr 

W77. 

lW77^ 

8 

A 

18.9 

9.4 

28.3 

B 

26.3 

11.0 

37.3 

C 

26.7  : 

13.6 

40.3 

D 

30.6  j 

17.3 

47.9 

Total 

102.5 

51.3 

153.8 

11 

A 

21.6  1 

12.7 

34.3 

B 

10.9  1 

6.0 

16.9 

C 

26.6 

20.1 

46.7 

D 

16.4  1 

12.6 

29.0 

Total 

75.5 

51.4 

126.9 

13 

A 

28.8 

16.7 

45.5 

1 

j 

B 

11.5 

9.7 

21.2 

1 

c 

13.0 

9.1 

22.1 

D 

12.3 

'6.9  1 

1  19.2 

Total 

65.6 

42.4 

1 

108.0 

Brome 

3 

A 

10.0 

11.8 

1 

'  21.8 

B 

13.9 

19.5 

53.4 

C 

13.7 

21.4 

i  35.1 

D 

9.5 

12.5 

22.0 

Total 

47.1 

65.2 

112.3 

6 

A 

10.2 

1  12.9 

'  23.1 

B 

10.6 

15.0 

1  25.6 

C 

13.1 

13.3 

:  26.4 

D 

9.6 

11.4 

1  21.0 

Total 

44.4 

52.6 

96.1 

9 

A_ 

14.7 

13.6 

28.3 

B 

11.6 

12.0 

23.6 

C 

13.2 

20.2 

33.4 

D 

11.7 

17.6 

29.5 

Total 

51.2 

63.4 

114.6 

c  . 


t'. 

i 


"I, 
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Table  6.- (Continued) » 


Crop 

Plot 

Sod 

Dry  weight  of  plant  residues 

to  depth  of  6' 

Roots 

Stubble 

Total 

gms  • 

gms  . 

gms  . 

Brome 

16 

A 

14.0 

13.5 

27.5 

B 

10.4 

12.3 

22.7 

1 

C 

10.7 

11.0 

21.7 

D 

11.0 

14 .4 

25.4 

1 

Total 

46.1 

51.2 

97,3 

Timothy 

1  i 

A 

15.3 

25.5 

40.3 

B 

16.2 

22.1 

38.3 

i 

C 

8.3 

11.9 

20.2 

D 

11.1 

19.9 

31.0 

, 

Total 

51.0 

79.4 

130.3 

-  7 

A 

23.9 

16.6 

40.5 

B 

18.9  1 

10.2 

29,1 

C 

24.6  i 

14.1 

38.7 

D 

14.1  i 

15.7 

29.8 

1 

i 

Total 

81.4 

56.7 

1 

138,1 

12 

A 

13.2 

! 

i  9.0 

22.5 

i 

B 

15.5 

'  15.4 

:  30.9 

1 

i  C 

13.2 

;  10.6 

23.8 

i  1 

D 

j 

16.3 

i  17.5 

1  33.8 

Total 

58.2 

52.8 

111.0 

1 

14 

A 

9.6 

I 

14,4 

24.0 

B 

14.2 

16,7 

30.9 

!  C 

.,14.2 

:  13.8 

28.0 

'  D 

11.2 

i  13,2 

24.4 

i  Total 

! 

49.1 

57.2 

106.3 

Western  ry 

e  4 

i  A 

5.1 

19.3 

24.4 

i  B 

4.9 

11.8  ' 

16.7 

!  C 

5.2 

19.1 

24.3 

1 

D 

5.4 

23.4 

'  53.8 

i 

1 

Total 

20.6 

78.7 

99.2 

5 

A 

7.1 

18.5 

25.6 

1  B 

4.7 

,  15.1 

19.8 

I 

!  C 

4.3 

16.4 

1  21.2 

D 

5.1  ■ 

11.2 

1  16.3 

i 

1 

1 

Total 

21.7 

i  61.2 

i 

1 

i 

82.9 

1 
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Talkie  (Continued). 


Crop 

Plot 

Sod 

Dry  weight  of  plant  residues  to  depth  of  6”^ 

Roots 

Stubble 

Total  1 

gms  . 

gms  . 

gms  . 

Vvbster-^.  r'" 

o 

1—1 

r'. 

A 

4.3 

16.0 

20.3 

B 

3.9  ' 

16.1 

20.0 

C 

5.7 

20.2 

25.9 

D 

5.4 

21.7 

27.1 

Total 

19.3 

74.0 

93.3 

15 

A 

5.3 

9.6 

14.9 

B 

6.1 

18.1 

24.2  .  I 

C 

4.2 

5.3 

9.5 

D 

5.6 

19.6 

25.2  : 

Total 

21.2 

— 

52.6 

73.8 

Considering  the  difficulties  involved  in  digging  the 
sods  and  in  the  separation  of  the  roots  and  stubble,  the  weights 
of  the  replicates  recorded  in  the  preceding  table  show  a  surprisingly, 
good  agree-ment.  There  are,  it  is  true,  some  large  discrepancies,  | 
but  on  the  whole  the  data  are  satisfactory.  | 

The  results  of  the  proximate  analysis  are  given  in  ; 


Table  7. 


i.Ii 
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Table  7.-  Proximate  analysis  of  plant  residnes , 1923 . Sub-block  I . 


Crop 

Residue 

Protein 

Crude 

Fibre 

Ash 

Ether 
Extract . 

R rfree 
Extract 

Moist¬ 

ure 

0  ' 

0/ 

cr/ 

a/ 

/'j 

/O 

iO 

P 

/o 

Alfalfa 

Stubble 

15.52 

37.37 

8.77 

.89 

27.89 

9.46 

Roots 

•12.56 

25.45 

3.23 

3.43 

47.16 

3.17 

Brome 

Stubble 

8.00 

35.21 

10.45 

1.27 

35.24 

9.83 

Roots 

6.44 

32,21 

10.09 

.39 

41.06 

9.81 

Timothy 

Stubble 

5.88 

24.43 

4.73 

1.82 

51.53 

11.61 

Roots 

5.75 

28.51 

10.60 

.84 

45.49 

8.81 

he  stern 

Stubble 

5.88 

37.39 

9.34 

1.99 

37.30 

8.10 

rye. 

Roots 

8.38 

32.30 

9.16 

1.45 

38.81 

9.90 

As  briefly  indicated  in  the  review  of  the  literature, 
there  is  ample  evidence  that  a  crop  residue  v;hich  contains  a  low 
percentage  of  nitrogen  and  a  high  percentage  of  carbonaceous  matter 
exerts  a  depressing  effect  on  nitrate  formation  in  soils,  v/hich 
v/ill  be  reflected  in  the  yield  and  composition  of  a  subsequent  grain 
crop. 

It  was  to  be  expected,  from  previous  v/ork  on  the  relative 
rates  of  nitrification  under  alfalfa  and  timothy  sods,  that  an 
analysis  would  reveal  alfalfa  residues  high  in  nitrogen  and  low  in 

crude  fibre  and  nitrogen-free  extract,  and  conversely  timothy 

1 

residues  low  in  protein  content  and  liigh  in  crude  fibre  and  nitrogen' 
free  extrs-ct. 

As  seen  in  Table  7^  alfalfa  residues  are  highest  in 
protein  and  timothy  residues  lowest.  Timothy  residues,  particularly 
the  stubble,  are  rather  lower  in  crude  fibre  than  the  other  crops. 
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Timothy  stubble  is  considerably  higher  in  nitrogen-free  extract 
than  is  the  stubble  of  other  crops,  and  the  content  of  nitrogen- 
free  extract  in  the  roots  of  timothy  is  higher  than  in  the  other 
two  grasses  but  slightly  lower  than  in  alfalfa  roots. 

In  Table  8  are  shown  the  dry  matter,  protein,  crude, 
fibre,  and  carbohydrates  (crude  fibred  nitrogen-free  extract) 
per  acre  returned  by  each  crop,  when  Sub-block  I  was  plowed. 
Included  in  the  table  is  the  ratio  of  total  carbohydrate  to  total 
protein.  The  protein  and  crude  fibre  are  the  substances  which 
might  be  expected  to  exert  the  greatest  inf.luence  on  the  rate  of 
decomposition  and  nitrification  of  these  residues.  The  alfalfa 
is  outstandingly  high  in  protein,  but  the  figures  for  the  crude 
fibre  do  not  sliov/  why  timothy  sod  should  decompose  and  nitrify  more 
slo\7ly  than  brome  and  western  rye  grass. 

More  information  is  secured  from  the  ratio  of  total 
carbohydrates  to  total  protein.  It  v;ill  be  noticed  that  for 
one  part  of  protein  incorporated  with  the  soil  in  these  plant 
residues,  alfalfa  supplies  5.1  parts  of  carbohydrate,  brome  9.8, 
v/estern  rye  11  «3,  and  timothy  13.2  parts  of  carbons.ceous  material. 

The  higher  amount  of  carbohydrate  material  for  a  fixed 
amount. of  protein  in  the  residues  of  the  grasses  than  in  alfalfa 
residues  v/ould  help  to  explain  the  better  sequence  effect  of  the 
legume.  The  micro-organisms  that  attack  organic  matter  must 
obtain  a  larger  portion  of  nitrogen  from  the  soil  v;here  a  lov/  amount 
of  protein  is  present  in  the  residues,  and  they  thereby  enter  into 
competition  v/ith  a  succeeding  crop  for  soil  nitrates.  Since 
alfalfa  residues  contain  more  protein  in  relation  to  carbohydrates 
than  do  the  residues  of  grasses,  a  smaller  draft  is  made  on  soil 
nitrates  and  a  subsequent  wheat  crop  woiild  be  improved  in  yield 


and  quality. 
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Table  8,-«-Crop  residues  plowed  under  to  a  depth  of  6  inches  in  Sub-block  1,  I928, 
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/unong  the  grasses,  tinotliy  residues  have  the  widest 
ratio  of  carbohydrate  to  protein*  The  difference  between  western 
rye  grass  and  timothy  is  smaller  than  would  be  expected  from  their 
relative  sequence  effects,  while  that  between  western  rye  and 
brome  is  larger. 

On  the  whole,  it  may  be  stated  that  the  differences  in 
the  ratio  of  total  carbohydrates  to  total  protein  in  the  residues 
of  alfalfa,  brome,  timothy,  and  western  rye  grass  indicate  that  in 
the  decomposition  of  the  grasses,  especially  the  timothy,  soil 
nitrates  would  be  depressed  to  a  g?:'eater  extent  than  following  a 
legume  sod. 

Timothy  residues,  having  the  widest  ratio, 

would  exert  a  slightly  greater  adverse  effect  on  a  subsequent 
crop  than  those  of  other  grasses.  This  probably  helps  to  explain, 
in  part  at  least,  the  inferior  sequence  effect  of  this  crop. 

Yield  and  Quality  of  ^Theat,  Sub-block  I. 

I’Jheat  was  som  on  Sub-block  I  on  May  4  and  cut  on  August 
26,1929,  in  the  manner  described  under  the  plan  of  the  experiment. 
Owing  to  the  unusually  dry  season  the  yields  were  small.  Very 
little  difference  could  be  observed  during  the  suimier  between  the 
various  plots .  On  harvesting  the  plots , however ,  substantial  differ¬ 
ences  were  revealed,  as  sho'wn  by  the  results  in  Table  9, 

Y/heat  after  alfalfa  gave  the  highest  yield  of  grain  and 
straw,  followed  by  v/estern  rye  and  brome^  with  timothy  sod  giving  the 


lowest  yields. 
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Table  9,  -  Yield  of  v/heat  follov/ing  various  grasses  and  alfalfa, 

Sub-block  I,  1929. 


Previous 

crop 

Plot 

Grain 
lbs  . 

Straw 
lbs  . 

Grain  yield 
bus. per  acre 

Straw  yield 
lbs .  per  acre . 

Alfalfa 

2 

38  •  5 

38.5 

30.3 

1820 

8 

38o5 

42.5 

30.3 

2009 

11 

32.0 

36.0 

25.2 

1701 

•JM3 

40*0 

42.0 

31.5 

1985 

Av. 

37.2 

3977 

TTTX 

TSVX 

Broriie 

-  3 

33.0 

36.0 

26.1 

1701 

6 

29.5 

31.5 

23.2 

1489 

*::-9 

29,0 

29.0 

22.8 

1371 

16 

26.5 

27,5 

20,9 

1300 

Av. 

3X70 

XSTX 

TXOX 

Timothy 

1 

25.5 

30.5 

20.1 

1441 

7 

27.5 

30.5 

21.7 

1441 

12 

29.5 

29.5 

23,2 

1394 

14 

26.0 

30.0 

20.5 

1418 

Av . 

3071 

21.4 

1403 

Western  ry 

e  4 

36.5 

40.5 

28.8 

1914 

5 

30.5 

33.5 

24.0 

1583 

10 

30.0 

32.0 

23,6 

1512 

15 

29.0 

27.0 

22.8 

1276 

Av . 

WTTE 

33TS 

XX70 

T57T 

-x-Yield  on  Plots  9  and  13  calculated  from  the  half  of  each^ 
plot  actually  harvested,  as  the  other  half  v;as  discarded  owing 
to  depression  in  Sub-block  I  at  N coi'ner . 
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Table  10.  — ITitropjen  Content  of  V/heat  on  Sub~block  1,  1929* 


Previous 

crop 

Material 

Nitrogen 

removed 

Yield  of 
protein 
per  acre 
lbs. 

Nitrogen  in 
dry  material 
% 

per  plot 

lbs. 

per  acre 
lbs. 

Alfalfa 

grain 

3.08 

1,01 

47.7 

272 

straw 

0.71 

0.26 

12 . 3 

zz 

Total 

1.27 

60.0 

349 

j 

Brome  j 

grain 

3.10 

0.81 

39.3 

224 

1 

1 

straw 

0.66 

0.19 

% 

j 

i 

I 

Total 

I 

i 

1.00 

48.3 

280 

i 

Timothy 

grain 

3.22 

Q.77 

'  36.4 

207 

straw 

0.63 

0.17 

!  8.0 

— ^ 

Total 

0.94 

j  44.4 

1 

257 

Western 

grain 

3.29 

0.91 

1 

I  43.0 

245 

Rye 

straw 

0.57 

0.17 

8.0 

50 

Total 

1.08 

51.  e 

295 

p‘\ 
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In  Table  10  is  sliovm  the  nitrogen  content  of  the  v/heat 
following  alfalfa,  broine ,  timothy^  and  v;estorn  rye  together  tith 
the  ariount  of  nitrogen  removed  in  the  crop.  It  v;ill  be  observed 
that  in  regard  to  quantity  of  nitrogen  removed  per  acre  the  v/heat 
crops  fall  in  the  descending  order:  after  alfalfa,  after  western 
rye,  after  brome,  after  timothy. 

Samples  of  wheat  following  these  various  crops  were  taken 
and  their  protein,  kernel  texture,  and  milling  and  baking  value 
determined.  These  results  are  given  in  Tables  II,  12,  and  13.  , 

It  will  be  observed  that  the  protein  content  is  highest 
in  wheat  after  western  rye,  closely  followed  by  wheat  from  timothy 
plots,  v/ith  that  following  alfalfa  and  brome  slightly  lower. 

On  the  whole  the  differences  in  the  percentage  of  protein  are 
small.  The  protein  in  the  flour  follows  closely  the  relative  amounts 
in  the  wheat. 

iJo  significant  differences  are  to  be  found  in  the  weight 
per  bushel  or  in  the  milling  test.  In  kernel  texture,  wheat  after 
tirnothy  gave  a  slightly  lower  percentage  of  hard  kernels.  The 
grades  assigned  to  the  samples  were  practically  the  same,  wheat 
after  brome  being  classed  as  a  poor  ITo.l  Northern,  and  the  rest 
as  good  No. 2  Northern,  the  presence  of  a  fev/  more  iiimiature  kernels 
consigning  these  to  the  lower  grade. 

In  the  baking  test  by  the  basic  method.  Table  12,  the 
flour  from  wheat  after  timothy  gives  slighily  poorer  results  than 
the  other  flours. 

Baking  by  the  bromate  method, 'as  shown  in  Table  13,  hov/ever 
results  in  improvement  to  all  flours  and  especially  to  the  flour 
from  wheat  after  timothy. 
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Table  11.  ~~'.^/lieat  after  various  grasses  and  alfalfa,  Sub-block  1,  I929, 
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Table  12. -Wheat  after  various  grasses  and  alfalfa,  gub-block  1,  1929f 

Baking  Test  (basic  method). 


Genercil 

appearance 

1 

G  rumb 
character 

Loaf 

Baking 

Description 

Absor£)tion 

Color 

Form  j 

Color 

Texture 

volimie 

score 

% 

cc. 

V/heat  after 
alfalfa 

63.4, 

4  p 

5 

?  gy 

6 .  5c 

515 

65 

Wheat  after 
brorae 

63.3 

5 

4  f 

6  gy 

7  0 

512 

68 

Wheat  after’ 
Timothy 

1 

1  61.9 

4  p 

4  f 

4-.5gy 

6  c 

00 

56 

Wheat  after 
Western  rye 

61.0 

4.5p 

4  f 

5  gy 

7- 5c 

503 

- 

63 

The  letters  appended  to  the  score  indicate  the  type  of  fault  for 
v/hich  the  loaf  was  scored  down,  thus; 

c  - -  c  oars  e 
f  --  flat 
gy  ~~  grey-yellow 
P  --  pale 
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Table  13. — Wheat  after  various  grasses  and  alfalfa,  Sub-block  1,  1929, 

Baking  Test  (bromate  method)* 


General 

appearance 

Crumb 

character 

Descripti on 

Absorption 

Color 

Porm 

Color 

Texture 

Loaf 

volume 

Baking 

score 

% 

oc. 

V/heat  after 
alfalfa 

63.4 

5 

5 

7gy 

7  0 

650 

93 

v/heat  after 
brome 

63.3 

5 

5 

8y 

9 

634 

103 

Wheat  after 
timothy 

61.9 

5 

5 

8y 

8  0 

674 

107 

V/heat  after 
Western  rye 

61.0 

5 

5 

8y 

7.50 

636 

97 

0  —  op^en 
gy  —  grey-yellov/ 
y  --  yellow 


•xe;^,'i/;  a^9j5,  — .:.,X  eldG 


m:.:sy^id  } '  ieeX' 

■' 

'■  '  '■  , , ; 

■'■'■'  1 

_ . 

' 

r"  '  1 

\  diitr*!'.-  i 

.  .  J 

..[jriort:' r  • 

1 

! 

-^■xm 

'  . . 

\ 

1 

‘  ,>  •"■■  H- 

J 

't.ro.:I  , 

SlT'Lt'OV 

'1  -  ,  ! 

t  oit/Xx-'^T  j  'xoXc'v  ' 

'  'XOlr  fi  ; 

no  iXqnoi.iu,. 

"  i 

no  ioqi-':':' ’..oCI 

:  ■ 

J- . . 

. ::.)  0 

.4  '  J 

■ 

i 

i '  '  1 

, 

i 

1 

!  •  ‘  ':i 

:  '  i 

1  'ioXXtoo  dn^iVd 

8(X 

;  0  j 

'  ■.  ?  :■ 

.« 

i 

!  ■ 

■  7:v^X'):.o  .i'oOi'^W 

C  x8  ; 

■  ? 

! 

noJ'X.O  uXiSiiVX 

SO! 

i.'';o 

:  ■ 

?■ 

•^{,11X0  Olid 

'  i  , 

;  ‘XrXi.^; 

1  otc^ 

i:  O-’.V  1  ■#' 

i  ■  ,  ■(:  ' 

t; 

1  :; 

'  o.xd 

.,!i. 

a‘io.  :n^9W 

■-  - - -  - - 

mm 

,  ilttKaO  --  ' 

0 

'^rrM 

woXXav-YS'x^} 

"■  wollex^  —  X, 


page  4o. 


It  has  been  demonstrated  by  a  mar.iber  of  workers  that  in 
baking  experimentally  milled  flours  the  simple  basic  methou  does 
not  give  an  accurate  estimate  of  their  baking  value,  since  the 
potentialities  of  the  flour  are  not  clearly  shov/n*  Larinour  and 
hacleod  (15)  have  shovrn  that  the  addition  of  0.001  per  cent  of 
potassium  bromate  to  the  basic  formula  gives  a  better  estimate  of 
the  baking  value,  since  it  indicates  the  response  of  the  flour  v/hen 
subjected  to  conimerc^Lal  practice.  Consequently  in  this  and  in 
succeeding  tables  the  baking  results  by  the  bromate  method  are  more 
important  than  those  where  the  basic  procedure  was  iised. 

On  the  whole  it  may  be  stated  that  the  differences  in 
the  quality  of  wheat  following  these  four  crops  are  quite  small. 

It  should  be  noted,  hov/ever,  that  ov/ing  to  the  nature  of  the  season 
all  samples  are  extremely  high  in  protein.  With  all  approaching 
the  maximum  possible  level,  the  lav/,  of  diminishing  returns  may 
have  operated  to  prevent  variations  in  protein  content  of  the 
crop  corresponding  to  differences  in  rates  of  nitrification  in 
the  soil.  That  such  differences  in  rates  of  nitrification  existed 
is  evident  from  the  figures  in  the  last  column  of  Table  10. 

Yfnen  the  total  yield  of  protein  in  the  crop  following  alfalfa  is 
assigned  a  value  of  100,  the  crops  following  western  rye  grass, 
brome ,  and  timothy,  respectively,  have  relative  values  of 
85,80,  and  74.  Since  the  same  variety  of  wheat  was  grov/ing  on 
all  these  plots  it  is  reasonable  to  assume  that  the  rate  of 
absorption  of  nitrates  in  the  different  plots  was  proportional 
to  the  rate  of  nitrification. 
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Determination  of  Hydrogen-ion  Concentration  of 
Soil  under  Various  Grasses  and  Alfalfa.  • 

It  v/as  thought  that  differences  might  exist  in  the 
acidity  of  the  soil  under  various  crops  which  would  exert  an  effect 
on  subsequent  crops.  It  is  well-kno?/n  that  soil  reaction  plays 
an  important  role  in  crop  adaptation,  and  in  the  distribution  of 
plants  and  soil  micro-organisms. 

In  the  ^^hode  Island  experiments  (12)  onions,  which  are 
very  sensitive  to  acid  soil  conditions,  varied  in  yield  from  80 
bushels  following  mangels,  cabbages,  and  rutabagas,  the  three  most 
alkaline  of  the  crops  (in  that  they  remove  in  the  ash  more  bases 
than  acids  and  leave  the  soil  more  acid)  to  520  bushels  following 
red  top,  an  acid-absorbing  crop. 

With  the  object  of  ascertaining  whether  any  differences 
did  exist  in  the  hydrogen-ion  concentration  of  the  soil  under 
the  different  crops,  the  p  H  of  the  soil  from  Sub-block  II  was 
determined  in  1929.  Composite  samples  of  surface  and  subsurface, 
to  a  depth  of  20  inches,  v/ere  secured  and  the  hydrogen-ion  concentra 
tlon  determined,  using  the  hydrogen  electrode  according  to  the 
method  outlined  by  Clark  (4),  and  Snyder  (29). 

The  results  are  shown  in  Table  14.  The  soil  reaction 
for  all  plots  in  the  block  is  qiiite  similar,  the  p  H  values  lying 
between  6.2  and  6.9.  The  average  p  H  of  the  soil  from  the 
plots  under  each  crop  has  the  same  value,  6,6. 

Obviously  differences  in  sequence  effect  or  in 
microbiological  activities  of  the  soil  cannot  be  attributed  in 
this  instance  to  any  differences  in  soil  reaction  produced  by 
these  crops. 
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Table  14, --Hydrogen-i on  concentration  of  soil  under  various 
crops,  Sub-block  II,  I9P9. 


Crop 

Plot 

pH 

Alfalfa 

1 

6.2 

6 

6.9 

12 

6.4 

15 

6^ 

Av. 

6 . 6 

Brome 

2.  i 

6.7 

7  ' 

6.6 

9  1 

6.7 

16  i 

6.5 

i 

Av.  1 

6.6 

Timothy 

i 

6.8 

6.7 

10  i 

6.6 

13 

Av. 

1 

6.6 

Western  Rye 

i 

4  i 

6.6 

5  i 

6.4 

11  ! 

6.6 

14  j 

Av. 

1 

j 

6.6 

j 

t 

;  j 

i 

1 

i 

1 

si;o  X 1 -0 V  m: cw  I  io  e  lo  no  x.d'jsi'.t  rili^ o|tc  o'  rto  x  «l.t& ;:>c.  x xX'cK 
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Oxidation  ~  Reduction  I-.Ieasure merits  of  Plant  Residues. 

It  has  long  been  recognized  that  a  study  of  oxidation- 
and  reduction  processes  accuring  in  biological  material  is  of  great 
value,  owing  to  the  physiological  importance  of  oxygen  to  living 
tissues.  Within  the  last  few  years,  largely  tlirough  the  efforts 
of  W.I.I.  Clark  and  his  co-workers  in  the  Hygienic  Laboratory  of  the 
United  States  Public  Health  Service,  a  system  of  measLiring  the 
intensity  factor  of  oxidation-reduction  by  means  of  electrode 
potentials  has  been  developed.  'iWiile  numerous  points,  both  in 
experimental  methods  and  in  the  interpretation  of  results,  remain 
to  be  cleared  up,  the  method  has  been  developed  to  an  extent  v/here 
it  may  be  applied  to  many  biological  problems. 

It  was  thought  that  the  relative  rates  of  decomposition 
of  the  residues  of  alfalfa  and  the  various  grasses  might  be 
determined  by  this  method*  In  the  ordinary  decomposition  of 
organic  matter  oxygen  is  used  up  and  carbon  dioxide  evolved. 

Cillespie  (II)  showed  that  bacterial  cultures  v/ere  normally  reducing, 
and  that  the  addition  of  an  organic  sLibstance  such  as  dextrose 
aids  in  the  production  of  reducing  conditions.  It  is  generally 
accepted  that  good  soils  are  normally  oxidizing  and  that  reducing 
conditions  are  an  indication  of  an  unhealthful  state  of  affairs. 

Little  v/ork  has  been  done  on  oxidation-reduction 
potentials  of  plant  materials,  the  majority  of  the  investigations 
so  far  having  been  directed  tovj-ards  the  study  of  electrode  potential 
measurements  of  the  various  indicators  of  oxidation-reduction. 

The  method  follov^dd  in  the  present  experiment  v/as 
essentially  that  used  by  Clark  and  his  associates  (5)  in  a  study 
of  oxidation-reduction  processes  in  biological  material,  and  by 
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Thornton  and  Hastings  (32),  v/orking  v/ith  milk.  Ov/ing  to  a 
shortage  of  material,  measm’ements  were  determined  only  on  the 
water-soluble  portions  of  the  residues. 

Five  grams  of  the  residue  was  shaken  with  125  cc.  of 
distilled  water  for  1-|-  hours.  The  liquid  was  rapidly  filtered  and 
the  electrode  potentials  determined  at  2-hour  intervals. 

Bright  platinum  electrodes  and  a  saturated  potassium  chloride 
calomel  half  cell  were  used.  The  v/ork  was  carried  out  at  room 
temperature,  25^  c.  All  readings  of  E.M.P.  are  reported  in  volts 
in  terms  of  ^h. 

The  results  are  shovni  graphically  as  potential-time 
curves  in  Plate  5,  The  initial  ^h  values  of  the  water-soluble 
parts  of  the  residues  are  thus  seen  to  lie  fairly  close  together, 
between  4  ,49  and  -4  .56.  The  potential  change  for  the  first 
six  hours  is  not  great  for  alfalfa  roots  or  stubble,  western  rye 
stiubble,  or  brorae  roots.  With  timothy  residues  the  rapid  change 
is  still  further  delayed  until  the  twelfth  hour. 

The  positive  limits  of  the  solutions  are  higher  than 
those  reported  for  bacterial  cultures,  animal  tissues,  sewage, 
or  milk.  A  check  on  the  accuracy  of  the  electrode  potentials  is  of 
course  afforded  by  determining  v/hetlier  or  not  the  solution  will 
reduce  any  one  of  the  nvimerous  indicators  of  oxidation-reduction 
which  reduce  at  different  levels.  Unfortunately  no  dye  synthesized 
as  yet  is  an  indicator  for  an  above  4*  *27  volts,  so  the 
initial  Fh  of  the  solutions  cannot  be  measured  by  the  common 
oxida.tion-reduction  indicators. 

That  these  solutions  in  the  initial  stages  were  fairly 
well-poised  is  indicated  by  the  fact  that  on  shaking  the  tube 
containing  the  solution  no  change  in  the  electrode  potential 
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v/as  observed. 

The  sharp  drop  in  the  curve  vvas  followed  by  a  nearly 
constant  level  of  potential.  The  negative  limit  for  all  the 
residues  was  between  -.24  and  -  .34  volts.  After  the  drop  in  the 
curve,  shaking  the  vessel  containing  the  solution  caused  the 
potential  to  swing  almost  to  the  iDositive  extreme.  This  would 
seem  to  indicate  that  the  solution  at  this  stage  v;as  not  v;ell-poised, 
since  the  incorporation  of  oxygen  caused  a  change  in  the  electrode 
potential. 

One  of  the  most  interesting  observations  in  this 
experiment  is  the  striking  similarity  betv/een  the  shape  of  the 
potential-time  curves  of  these  solutions  from  plant  residues,  and 
those  obtained  by  Thornton  and  Hastings  (32)  for  milk,  an  animal 
fluid. 

In  conclusion  it  v/ould  appear  that  while  the  initial 
level  ok  electrode  potential  or  the  "oxidizable  tendency”  was 
nearly  the  same  for  all  residues,  the  oxidation-reduction  behaviour 
of  the  timothy  residues  was  markedly  different  from  that  of  the 
other  residues,  indicating  that  the  decomposition  of  the  water- 
soluble  part  of  this  plant  is  extended  over  a  longer  period  than 
that  of  the  other  residues. 

The  Influence  of  Crop  Sequence  on  Chemical  and 
_ _ Micr obio logical  Changes  in  the  Soil. _ 

As  mentioned  in  the  plan  of  this  experiment,  a  study 
of  the  moisture  and  nitrate  changes  in  the  soil  under  alfalfa  and 
various  grass  sods  is  being  carried  on  by  the  Department  of  Soils. 

In  Table  15  are  shov/n  moisture  and  nitrates  under 
alfalfa  and  grasses  to  a  depth  of  forty  inches.  These  figures 
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are  averages  of  Sub-blocks  I, ligand  III  up  to  July  10,  1923,  at 
which  date  Sub-block  I  v/as  broken;  then  an  average  of  Sub-blocks 
II  and  III  up  to  Sept . 11 , 1929 .  In  Table  16  are  shovm  moisture  and 
nitrates  on  Sub-block  I  subsequent  to  breaking  the  sods,  and  up 
to  September  11,  1929,  after  the  first  wheat  crop  had  been  removed. 
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Table  15*-  Moisture  and  nitrates  under  various  crops  to 

depth  of  forty  inches  . 


Date 

Crop 

Moisture 

o/ 

Nitrate  Nitrogen 
Ibs.per  acre. 

June  15,1927 

Alfalfa 

30.2 

246 

Y/e  stern  rye  . 

30.6 

267 

Brome 

30.4 

245 

Timothy 

30.9 

250 

July  15,1927 

Alfalfa 

32.8 

229 

Western  rye 

30.8 

214 

Brome - 

31.8 

211 

Timothy 

31.1 

211 

Aug ,13, .1927 

Alfalfa 

25.3 

210 

Western  rye 

25.1 

171 

Brome 

24.7 

160 

Timothy 

24.2 

157 

Sept. 11, 1927 

Alfalfa 

27.3 

140 

Western  rye 

27.1 

132 

Brome 

25.5 

119 

Timothy 

25.1 

127 

May  17,  1928 

Alfalfa 

;  24.3 

104 

Western  rye 

21.8 

117 

Brome 

21.5 

69 

Timothy 

22.0 

109 

J'\ine  15,1928 

Alfalfa 

22.2 

80 

Western  rye 

20.9 

76 

Brome 

21.1 

44 

Timothy 

20.8 

85 

July  10,1928 

Alfalfa 

25.8  1 

62 

Western  rye 

24.1 

76 

Brome 

Not  recorded  1 

Not  recorded 

Timothy 

25.1 

83 

Aug.  16,1928 

Alfalfa 

21.0 

48 

Western  rye 

20.9 

77 

Brome 

20.0 

54 

Timothy 

20.6 

68 

Sept . 19 , 1928 

Alfalfa 

21.6 

60 

Western  rye 

20.0 

59 

Brome 

20.1 

52 

Timothy 

i9.1 

60 

1) 
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Ta.ble  IS*-  (Continued) 


Date 

Crop 

Moisture 

c1 

Nitrate  Nitrogen 
los  per  acre . 

May  14,  19 S9 

Alfalfa 

21.7 

38 

Western  rye 

19.2 

Trace 

Brome 

22.5 

Trace 

Timothy 

20.4 

Trace 

Jtme  14,1929 

Alfalfa 

13.6 

17 

Western  rye 

12.5 

Trace 

Brome 

12.5 

Trace 

Timothy 

13.5 

Trace 

J\ily  16,1929 

Alfalfa 

18.2 

23 

Y/e stern  rye 

13.1 

10 

Brome 

17.0 

6 

Timothy 

18.5 

32 

Aug*  16,1929 

Alfalfa 

,  15.9 

16 

Western  rye 

15.1 

4 

Brome 

16.5 

7 

Timothy 

16.8 

Trace 

Sept  11,1929 

Alfalfa 

10.5 

8 

W^e stern  rye 

14,2 

Trace 

Brome 

12,3 

Trace 

Timothy 

i 

! 

! 

12.9 

i 

i 

! 

1 

Trace 

pi'i 
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Table  16.-  Lloisture  and  nitrates  on  Snb-block  I  following 
various  crops,  to  depth  of  forty  inches. 


Date 

Previous 

crop 

Moisture 

iSt 

/J 

Nitrate  Nitrogen 
lbs. per  acre. 

Aug. 16,  1928 

Alfalfa 

21.4 

83 

Western  rye 

23.4 

84 

Broine 

22.8 

36 

Timothy 

22.1 

59 

Sept . 19 , 1928 

Alfalfa 

22.4 

161 

Western  rye 

22.8 

131 

Brome 

22.0 

102 

■  i 

Timothy 

22  •  5 

137 

May  14,  1929  ! 

Alfalfa 

20.5 

122 

! 

Western  rye 

20.8 

131 

! 

-  1 

Brome 

20.4 

59 

i 

Timothy 

19.3 

138 

June  14,1929 

Ahfalfa 

15.6 

198 

Western  rye 

13.9 

114 

Brome 

13.5 

102 

Timothy 

14.0 

133 

July  16,1929 

Alfalfa 

19.0 

83 

Western  rye 

18.0 

94 

Br  ome 

18.0 

66 

Timothy 

19...8 

53 

1 

Aug.  27,1929 

Alfalfa 

18.0 

1  113 

Western  rye 

18.2 

107 

Brome 

15.5 

41 

Timothy 

19.4 

96 

Sept ,11,1929 

Alfalfa 

13.2 

120 

Western  rye 

10.1 

154 

Brome 

i  13.2 

60 

p . 

i 

Timothy 

1 

1 

i 

1 

!  14.5 

127 

< o . . 
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In  Plate  6  are  shown  the  fluctuations  in  nitrates  under 
sods  (average  of  Sub-blocks  I, II,  and  III  to  July  10,  1928;  then 
average  of  Sub-blocks  II  and  III  to  Sept.  11,  1929),  and  the 
changes  in  soil  nitrate  content  after  breaking  the  various  sods  of 
■Sub-block  I  and  soYv'lng  to  vdieat. 

The  percentages  of  moisture  to  a  depth  of  forty  inches 
.under  the  different  crops  at  each  date  of  sampling  show  practically 
no  significant  differences;  The  sods  all  appeared  to  reduce  the 
moisture  content  of  the  soil  to  the  same  extent. 

It  is  very  interesting  to  observe  that  d-uring  the  dry 
season  of  1929  the  moisture  content  of  the  soil  under  timothy  was 
no  higher  than  under  alfalfa,  western  rye^ or  brome  grass,  not- 
Y/ithstanding  the  poor  grovrth  of  the  timothy  as  compared  v/ith  that 
of  the  latter  crops.  It  has  usually  been  assumed  that  timothy, 
on  account  of  its  less  intensively  branched,  root  system,  v;as 
unable  to  utilize  the  moisture  of  the  soil  as  completely  as  a 
plant  possessing  a  larger  root  systemi.  These  results,  however, 
v/ould  indicate  that  the  explanation  for  the  poor  groY/th  of  timothy 
under  dry  conditions  lies  in  its  inefficiency  in  the  use  of  water; 

At  the  time  of  planting  alfalfa  and  the  various  grasses 
in  1927,  nitrates  v/ere  present  in  abundance  in  the- soil.  Since 
this  time  they  have  steadily  declined.  This  is  in  accordance  v/ith 
previous  findings  (22,38)  that  perennial  crops,  especially  timothy, 
tend  to  keep  nitrates  at  a  Ioy;  level  throughout  the  season. 

VAien  Sub-block  I  was  broken  on  July  25,  1928,  conditions 
were  rendered  favorable  for  the  process  of  nitrification  and  the 
nitrate  curves  rose  sharply,  alfalfa  plots  showing  the  greatest 
increase,  follow.ed  by  western  rye  and  timothy.  In  the  spring 
of  1929  Y/hen  this  Sub-block  Y/as  sown  to  wheat,  nitrates  were  highest 
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aTter  alfalfa  sod,  followed  Idj  timothy  and  western  rye  grass. 
By  midsurmner  the  plots  following  western  rye  grass  and  alfalfa 
were  higher  in  nitrates  than  those  succeeding  timothy  or  broine 
sod  • 


In  the  late  summer  the  nitrates  increased  on  suh-hlock  I 
even  before  the  wheat  was  cut,  and  with  no  increase  in  the  moisture 
content  of  the  soil.  This  was  probably  due  to  the  lower  demand  of 
the  wheat  plant  for  nitrates  during  the  later  periods  of  growth, 
resulting  in  an  accronulation  in  the  soil.  Such  a  fluctuation  in 
the  nitrate  curve  is  often  difficult  to  understand,  even  by  the 
obvlou.s  explanation  given  above,  ilewton  (25)  has  suggested  that 
such  inene-ais-es  may  be  due  to  the  iihenati-en  of  nitrates  by  micro¬ 
organisms  other  than  nitrifying  bacteria. 

Pram  a  study  of  these  changes  in  the  nitrate  content  of 
the  soil  it  is  apparent  that,  on  the  whole,  a  larger  qus.ntlty  of 
nitrates  are  present  under  alfalfa  than  under  the  grasses. 

Western  rye  plots  usually  have  a  slightly  greater  nitrate  content 
thi’oughout  the  sea.son  than  timothy  or  brome  grass.  When  these 
sods  are  plowed  up,  and  v/heat  so'wn  on  the  land,  nitrs-tes  a^re  highest 
8.fter  alfalfa  sod,  followed  by  western  rye  grass  and  timothy,  with 
brome  lowest. 

In  1929  the  numbers  of  bacteria,  fungi,  and.  actinom^yces 
in  the  upper  seven  inches  of  soil  under  alfalfa,  timothy,  and 
western  rye  grass,  and  under  wheat  following  these  crops,  v/ere 
determined  at  intervals  of  two  weeks  throughout  the  season. 

The  numbers  of  bacteria  found  under  alfalfa,  timothy, 
and  western  rye  grass  showed  no  significant  differences.  The 
numbers  of  bacteria  under  Y/heat  following  these  crops  were  alike 
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and  higher  than  the  nirnbers  under  the  sods.  In  fact  they  equalled 
the  hacterial  numbers  under  fallow. 

The  nui;ibers  of  fungi  under  alfalfa  were  highest  and  equal 
to  those  under  fallow^  with  the  numbers  under  timothy  and  western  rye 
grass  lower.  The  numbers  under  wheat  after  alfalfa  were  higher  than 
those  where  v/heat  followed  tir.iothy  or  v/estern  rye  grass. 

The  munbers  of  actinomyces  under  all  crops  were  quite  ir¬ 
regular  and  no  conclusions  could  be  drawn  from  the  data  regarding 
the  numbers  of  these  organisms. 

The  rate  of  nitrification  of  soil,  under  laboratory 
conditions,  from  the  plots  where  wheat  follov/ed  alfalfa,  timothy, 
and  western  rye  showed  no  significant  differences. 

In  conclusion,  the  soil  data  indicate  that  biological 
activity,  as  measured  by  nitrate  production  and  plate  counts  of 
micro-organisms,  is  more  pronounced  in  plots  w'here  wheat  follows 
alfalfa  than  where  it  succeeds  grasses.  When  we  attempt  to  seek  an 
explana.tion  for  the  adverse  sequence  effect  of  timothy  as  compared 
with  other  grasses,  it  must  be  admitted  that  the  soil  data,  as  yet, 
can  throw  little  light  on  this  subject. 
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THE  E?FEQT  Q¥  IVIT  :  LSQ-Ul.IES  OiJ 

’^VHEAT  YIEII)  AHD  QUALITY 

Plan  of  ExTperlment  aiid  Production  of  I.Iaterial,  1028. 

In  1928  Renfrew  whee.t  was  sown  I  lay  6  th  on  a  hlooic  of 
land  on  the  University  farm  which  had  previously  been  in  Renfrew 
'Wheat.  This  block  was  seeded  with  the  usual  ro/^uin.^  ps, ths,  but 
the  centre  row  of  each  group  of  five  had  wheat  replaced  by 
inoculated  Arctic  sweet  clover,  the  whole  drilled  vath  a  horse 
drill  having  a  grass-seed  attachment. 

On  one  portion  of  the  block  the  sweet  clover  was  killed 
hy  4^  treatment  with  6  percent  sulphuric  acid,  and  on  the 
other  portion  the  sweet  clover  v^ras  unai'feoted.  (It  should  he 
explained  here  that  the  spraying  was  dons  in  connection  with 
another  experiment  carried  out  by  the  Plant  Pathology  Pivision 
to  determine  the  effect  of  spraying  wheat  fields  with  different 
concentrations  of  sulphuric  acid  on  the  control  of  foot  and 
root-rots  of  cereals.) 

The  experiment  was  limited  to  comparisons  of  the  kernel 
texture,  protein  content^  and  milling  and  baking  v^^lue  of  samples 
taken  from  the  portion  of  the  block  where  the  sweet  clover  had 
been  killed  by  treatment  with  sulphuric  acid  and  from  the  portion 
where  the  sweet  clover  was  unaffected;  and  also  of  composite 
samples  taken  from  about  six  places  in  the  single  drills  adjoin¬ 
ing,  and  one  drill  removed  from,  the  sweet  clover. 

Experimental  Pata.  1928.  and  Discussion . 

The  results  of  these  determinations  are  given  in 


Tables  17  -  19 


Table  17.  -  Protein,  kernel  texture,  and  milling  test  on  wheat  interplanted 
with  sweet  clover,  19S8  . 


Table  lo, --Baking  test  (basic  method)  on  wheat  interplant ed  with  sweet  clover,  1928, 
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Table  I9. --.Baking  test  (broraate  method)  on  v^rheat  interplanted  with  sweet  clover,  1928. 
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It  must  be  remembered  thab  the  sample  of  wheat  from 
the  rows  one  drill  distant  from  the  sweet  clover  cannot  be 
strictly  compared  with  the  sample  of  v/heat  from  the  rows  adjoin¬ 
ing  the  legume,  since  the  former  rows  adjoined  the  roguing 
paths  and  would  be  subject  to  border  effect. 

An  examination  of  Tables  17-19  fails  to  reveal  an^- 
striking  difference  between  the  wheat  growing  vi/ith  and  without 
sweet  clover. 

The  wheat  associated  with  sweet  clover  was  slightly?- 
lower  in  protein  of_wheat,  slightly  higher  in  flour  yield, 
protein  of  flour,  and  kernel  texture  than  wheat  alone.  The 
baking  test  by  the  basic  method  gave  a  slight  advantage,  and  by 
the  bromate  method  a  larger  advantage,  to  the  flour  from  the 
wheat  associated  with  sweet  clover. 

The  composite  samples  of  wheat  from  the  rows  adjoining, 
and  the  rows  removed,  from  the  legume  give  contradictory  results 
in  the  two  methods  of  baking,  and  as  previously  mentioned  the 
results  on  these  two  samples  are  not  significant  owing  to  the 
effect  of  the  paths  on  wheat  from  rows  one  drill  removed  from 
sweet  clover. 

Plan  of  Exper im ent  and  Production  of  Ilaterial,  1929 . 

In  1929  a  more  complete  experriment  was  designed.  The 
plan  was  to  compare  the  -yield  and  qua.litv  of  v/heat  in  plots  where 
tv/o  and  three  out  of  twelve  drill  rows  were  legumes,  with  those 
v/here  all  twelve  rov/s  were  wheat.  A  block  of  land  in  the 
University  Investigation  Pield  comprising  Blocks  3A  and  3B  was  sown 
in  this  manner  on  May  2  and  3,  1929,  with  a  horse  drill  having 
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a  grass-seed  attachment.  The  block  was  sown  in  a  solid 
manner,  no  roguing  paths  being  left.  Block  3  A  had  been  in 
wheat  the  previous  year  and  was  fall-plowed  in  1928;  3  B 
was  fallow  in  1928-  The  legumes  used  were  Arctic  sweet 
clover  (elite),  Grimm  alfalfa  (Disco  no.  19a),  and  Altaswede 
red  clover.  Elite  Marquis  wheat  was  used. 

The  sketch  belows  shows  the  east  buffer  and  plots  1-3 
inclusive . 

Eirst  Drill  Second  arill  Third  Drill 


Buffer 

Drill  12.:)466789101112  123466789101112  12L456789101112 


The  arrangement  of  the  plots  was  as  follows*. 

Buffer  -  13  rov»;s  wheat  (How  IS  to  be  cut  by  hand  before  the 
rest) 


Plot  1-10  rows  wheat. 

Buffer  -  1  row  wheat  to  be  cut  by  hand. 

Plot  2-12  rows,  10  rows  xvheat,  rows  3  and  9  sweet  clover. 

Buffer  -  2  rows  wheat  to  be  out  by  hand. 

Plot  3  -  9  rows,  6  rows  wheat,  rows  2,5,  and  8  sweet  clover. 

Buffer  -  2  rows  wheat,  to  be  cut  by  hand. 

Plot  4-10  rows  wheat. 


Buffer  -  1  row  wheat  to  be  cut  by  hand. 

Plot  5  -  similar  to  plot  2;  alfalfa. 
Buffer  -  2  rows  v/heat  bo  be  cut  by  hand. 

Plot  6  -  similar  to  plot  3;  alfalfa. 


3 
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Buffer  -  B  roTi^s  wheat  to  be  cut  by  hand. 

Plot  7  -  similar  to  plot  4;  wheat  only. 

Buffer  -  1  row  wheat  to  be  out  by  hand. 

Plots  8  to  10  -  red  clover;  similar  to  plots  2  to  4,  ’u  th  buffers. 
Repeat  the  series  (plots  1  to  10)  and  finish  with  buffer  drill 
to  fill  up  the  blooh. 

It  was  plan_ned  to  sample  plots,  2,  5,  and  8  (and  replicates) 
just  before  cutting,  separate  samples  being  taken  from  rows 
0,  6,  and  12  (which  were  separated  from  the  legumes  by  two  rows) 
for  comparison  with  rows  2,  4,  8,  and  10,  those  adjacent  to  the 
legume.  .  After  sampling,  the  plot  was  to  be  out  in  bulk  for  bulk 
comparison  with- other  plots. 

Plots  3,  6,  and  9  (and  replicates)  were  to  be  cut  in  bulk 
only,  for  bulk  comparison  with  other  ]plots  in  regard  to  yield, 
kernel  texture,  protein  content,  and  milling  and  baking  value. 

Unfortunately  the  extoemely  dry  season  of  1929  doomed  this 
experiment  to  failure.  Brought  prevented  the  germination  of  the 
legumes  except  those  at  the  north  end  of  block  5  A,  where  a 
depression  in  the  field  existed.  The  first  rain  came  on  June 
26,  at  which  time  no  legumes  were  visible  except  a  few  at  this 
low-lying  northern  portion  of  the  block. 

On  August  20,  just  prior  to  cutting  the  wheat,  samples 
v/ere  ta,ken  for  grade,  kernel  texture,  and  protein  test  from 
rows  adjacent  to,  and  the  third  row  from  the  legumes  in  the 
part  where  they  had  grown.  At  this  date  legumes  were  still 
found  only  in  the  lower  portion  of  the  field,  and  there  was  no 
apparent  difference  between  the  growth  of  sweet  clover,  alfalfa, 
and  red  clover^  the  few  plants  scattered  along  the  rov/s  being 
about  6-8  inches  high. 
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Byperimental  Data.  and  Piscussion, 

Table  20  shoves  the  grade,  Icernel  texture,  and  protein 
in  these  wheat  sajuples. 

The  wheat  adjacent  to  sweet  clover  was  in  both  series 
higher  in  protein  content  and  percentage  of  hard  kernels  than 
wheat  in  rows  removed  from  this  legume,  ’’/heat  adjacent  to 
alfalfa  was  slightly  lower  in  one  series  and  slightly  higher 
in  the  other.  The  kernel  texture  was  almost  the  same  in  both 
cases.  Wheat  adjacent  to  red  clover  was  slightljr  lower  in 
protein  than  wheat  removed  from  this  legume  in  one  series,  and 
in  the  other  contained  the  same  percentage,  ho  differences 
were  observed  in  kernel  texture. 

Effect  of  Yol-gnteer  Sweet  Glover  on  Wheats 

In  the  late  summer  of  1929,  on  another  part  of  the 
University  farm  devoted  to  an  increase  block  of  Marquis 
wheat,  it  was  noticed  that  volunteer  sweet  clover  was  quite 
prevalent  in  some  ps^rts  of  rhe  field.  Six  small  plots,  each 
50  by  25  links,  were  staked  out  and  harvested  and  threshed 
separately.  Plots  1  and  2  had  a  thick  stand  of  sweet  clover, 

5  and  4  a  medinm  stand,  and  in  5  and  6  no  sweet  clover  was 
present. 

Table  21  show^s  the  yield  on  these  plots.  Even  a  thick 
stand  of  volunteer  sweet  clover  did  not  appear  to  depress  the 
yield  of  wheat. 

Table  22  gives  the  protein  content,  kernel  texture,  and 
milling  test  on  wheat  from  these  plots.  The  protein  content 


r'^v'-'  -■  ■  ^  ■• 

v:' ,  -.-'ba'  vn$^D  ■  t  ’'■ 

'b-:  'i:-, . 

"■i.-i!  'r;. .r  '-a 

-■,t  ■  V  I^.c  .  J 

^  '■  "■  .'G  B  : 

3i-L:  :  e  r ' 


'-V'*  ?  .  . 

1  --V  -■J";,  '"C  0  ■ 

I  :,;  -.h.e:':'.':. 


,;;: ' ' '  '  i  6  ■'  0'  i  ?.5  i;  t"  Cv  c  J'  I 

i:ov  ": 


U,,  ,  Cb 

■:-.  c:;  ,  '..a;//'-,  ^fx 

x'i  .: 


\ '  'rv)  VC  .  c'^ ;; V;. .cl  t  b.vi- " ‘  -  ..  ti i'  c' o|.  rvcv;  c ..  ^ v ;v,  :vv 

:r^  Ib:;'  C  -  -X  €jiv:v;:  i:i,  c 

■  ':  "  ■  .  "  C'.  Ci;'..':;  ■  •  '  . 


(D 

-p 

rH 

N 

fn 

0 

-Pi 

•H 

■P 

03 

0 

'I 

o 

0! 

in 

d 

P* 

W 

0 

P. 

ni 

0" 

fH 

0, 

dt 

a3i 

1 

4 

0] 
d  ■ 
o3, 

bd 


o’ 

u, 

Ph: 


(D 

02 

0 

H 

d 

«3 


Table  '^.1 


Yield  of  wheat  growing  with  varying 
amounts  of  volunteer  sweet  clover,  1.-29 


Plot 
ho . 

Pescription 

h  0  ,  of 
plan  ts 
per  so  . 
yd . 

( approx. ) 

Yield 
of  wrain 
per  plot 

Yield 

of  --rain 
per  acre 

lbs. 

1 

V/heat 

sweet 

with  thick  stand 
clover. 

800 

j  16.5 

22.0 

o 

V>/heat 

sweet 

with  thick  stand 
clover. 

800 

16.5 

22.0 

3 

7/heat 

stand 

with  medium 
sweet  clover. 

50 

19.5 

26.0 

4 

V;heat 

stand 

with  medium 
sweet  clover. 

50 

16.5 

22.0 

5 

V/heat 

clove] 

with  no  sv\fQet 

0-2 

15 .5 

21.0 

6 

i/heat 

clove] 

with  no  sweet 

0-2 

15 .5 

21.0 

Table  22 . --Pro t ein  content,  kernel  texture,  and  rnillinr^  test  on  T^beat  grovm 
with  varying  arnomits  of  volunteer  sweet  clover,  1929, 
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and  percentage  of  hard  kernels  in  the  wheat  associated  with  a 
thick  grov/th  of  sweet  clover  were  higher  than  in  the  other  plots. 
These  results  were  therefore  similar  to  those  obtained  with  sweet 
clover  in  the  experiment  reported  above. 

Tables  23  and  24  give  the  results  of  baking  tests  by 
basic  and  bromate  methods,  respectively,  on  the  wheat  from  those 
plots.  By  the  basic  method  the  flour  from  wheat  where  no  sweet 
clover  was  present  gave  the  highest  baking  score,  followed  by  the 
plots  with  a  thick  stand  of  this  legume.  The  bromate  method,  which, 
as  already  indicated,  gives  a  better  index  of  baking  value  than 
the  basic  method,  gave  an  advantage  to  the  plots  having  a  thick 
growth  of  sweet  clover  associated  with  the  wheat.  The  fl.our  from 
the  plots  of  wheat  associated  v/ith  a  mediiim  stand  of  the  legume 
had  a  slightly  higher  baking  score  than  that  from  plots  where  no 
sweet  clover  was  grov/ing  with  the  whea.t. 
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Table  24 •-  Yilieat  with  varying  amonnts  of  volunteer  sweet 
Glover  1929. 
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S  U  M  H  ARY 

As  a  result  of  the  data  secured  so  far  from  the  sequence 
and  Interplanting  experiments,  the  following  conclusions  may  be 
drawn: 

1.  Timothy  was  followed  by  a  lower  yield  of  v/heat  than  alfalfa, 
western  rye  grass,  or  brome  grass, 

2,  Owing  to  the  nature  of  the  season  all  samples  were  extremely 
high  in  protein,  and  the  differences  in  the  quality  of  the  wheat 
following  alfalfa,  western  rye  grass,  brome  grass  and  timothy 
were  small.  The  yield  of  protein  per  acre,  however,  was 
highest  in  wheat  after  alfalfa,  followed  by  v/heat  after  rye 
grass,  brome  grass,  and  timothy  respectively, 

3.  The  adverse  effect  of  timothy  on  the  following  wheat  crop 
could  not  be  explained  by  the  relative  drain  on  soil  m.oisture 
and  nutrients  of  the  preceding  crops,  since  timothy  removed 

great  deal  less  plant  food,  especially  nitrogen,  which  is  usually 
rega.rded  as  the  limiting  element,  from  the  soil  than  did  alfalfa, 
western  rye,  or  brome  grass. 

4,  Timothy  residues,  v/hen  plowed  under,  incorporated  in  the  soil, 
per  acre,  more  carbonaceous  matter  for  each  unit  of  protein 
material  than  did  the  residues  of  alfalfa,  brome,  or  western 
rye  grass.  Since  alfalfa  residues  contain  more  protein  in 
relation  to  carbohydrates  than  do  the  residues  of  the  grasses, 
a  smaller  draft  is  made  on  soil  nitrate  by  micro-organisms 

decomposing  tMs  organic  matter.  This  undoubtedly  helps  to 
explain  the  beneficial  sequence  effect  of  alfalfa.  Among  the 
grasses  the  higher  ratio  of  carbo-hydrate  to  protein  in  timothy 
residues  than  in  those  of  the  other  crops,  probably  is  responsible. 
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in  considerable  measure,  for  the  adverse  sequence  effect  of  this 
crop. 

5.  No  differences  were  found  in  the  reaction  of  the  coil  undei* 
alfalfa,  western  rye  grass,  brome,  or  timothy.  Apparently 
sequence  effects  cannot  be  explained  in  this  instance  by 
differences  in  the  hydrogen-ion  concentration  of  soil  consequent 
upon  growing  various  crox:)s . 

6.  Preliminary  Y/ork  on  oxidation-reduction  potentials  of  plant- 
residues  indicated  that  the  decomposition  of  the  water-soluble 
portions  of  timothy  residues  v/as  extended  over  a  longer 
period  of  time  than  that  of  the  other  residues. 

7.  A  study  of  the  •  chemical  8.nd  microbiological  changes  in  the 
soil  under  the  plots  of  alfalfa,  western  rye  grass,  brome, 
and  timothy,  and  in  wheat  following  these  crops,  indicated 
that  alfalfa  plots  have  a  higher  soil  nitrate  content  and  a 
greater  biological  activity  than  grass  plots,  and  that  this 
beneficial  effect  was  continued  for  a  ^^ear  at  least  after 

the  sods  were  broken.  The  differences  in  soil  activities  under, 
and  following, western  rye  grass,  brome^ and  timothy  as  measured- 
by  soil  nitrate  content,  rate  of  nitrification  in  soil,  and 
plate  counts  of  micro-organisms  were  insufficient  to  account 
for  the  varying  sequence  effects  of  these  grasses.  That 
differences  in  the  rate  of  nitrification  existed  is  evident 
from  the  fact  that  the  yield  of  protein  per  acre  in  Y/heat 
folloY/ing  western  rye  grass  was  higher  than  after  brome,  and 
considerably  higher  than  in  v/heat  following  timothy. 

8.  The  effect  of  association  Y;ith  legumes  on  wheat  yield  and 
quality  has  been  investigated,  but  climatic  conditions  were 
responsible  for  the  failure  of  the  main  experiment  designed 
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to  throw  light  on  this  suhjeot.  jjurther  work  must  he  done 
before  any  definite  oonolusions  can  he  drawn. 

9.  The  results  of  one  experiment  indicated  that  the  presence 
of  even  a  thick  stand  of  volunteer  sweet  clover  did  not 
depress  the  yield  of  wheat. 

10. On  the  whole,  the  results  suggested  that  the  quality  of  wheat 
can  he  raised  hy  association  with  legumes.  V/hether  this  increase 
will  he  sufficient  to  warrant  interplanting  with  legumes  as  a 
means  of  raising  the  quality  of  wheat  is  a  question  that  must 
await  further  experiments. 
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